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THE EXTERNAL DEVELOPMENT THE BANDED DOGFISH 
POFADDERHAAI HAPLOBLEPHARUS EDWARDSII (M. H.) 


CECIL VON BONDE 


Government Marine Biologist and Director Fisheries, Union South Africa 


INTRODUCTION 


This oviparous species dogfish, previously known Scylliorhinus edwardsii 
endemic South African waters and has been recorded from Saldanha 
Bay, Table Bay, False Bay and the Agulhas Bank. The largest one record 
measured 520 mm. This dogfish fairly plentiful and specimens are exhibi- 
tion the Sea Point Aquarium. 

November 1942, female was observed lay two egg cases one the 

tanks the Aquarium. One case was immediately removed and dissected ex- 
pose the egg, whilst the other was left the tank control the determination 
the duration incubation. 

The egg was completely removed from the egg case and placed under observa- 
tion running sea water. 


REPRODUCTIVE ORGANS 


The only external sexual characters the female are the pair cloacal papillae 
Plate one situated either side the median line immediately posterior 
the cloacal aperture. The papillae themselves are perforate, and the abdominal 
pore situated the center each papilla connects direct with the coelom. The 
actual function these abdominal pores not known and obvious that, 
view the highly specialized structure the female genital they have lost 
the function acting apertures through which the ova leave the body. 

dissection (Plate revealed the fact that there was only single median 
ovary (ov.) present which contained ova various stages development. The 
ovary situated the middle portion the coelom and relatively large. The 
paired oviducts are highly specialized both structure and function. The oviducts 
meet medially the anterior part the coelom Each oviduct may 
divided into four portions 

(1) The fallopian tube (Plates and II, f.t.) extremely narrow 
walled and about quarter the length the whole oviduct. Its internal 
surface slightly convoluted portion followed (2) the 
albumen gland (a.g.) which about one-eighth the total length the oviduct and 
very thick-walled and muscular. This gland secretes the albumen which sur- 
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rounds the ovum, hence its internal surface richly supplied with glands for this 
purpose. transverse section the albumen gland Fig. shows 
that the lumen extremely narrow, the walls the gland being completely ap- 
posed. Smith (1942, 703) describing Bashford Dean’s figure the repro- 
ductive organs adult female Heterodontus japonicus drawing 
(my Text-figure 35) not labelled, nor described Dean’s notes, and the 
absence the dissection some features are obscure. the mid-line near the top 
the figure, one readily notes the common abdominal opening the oviducts. 
the extreme right side the figure the oviduct with its three divisions—oviduct 
proper, shell gland, and uterine portion—are easily The part the 
oviduct designated “shell gland” the above quotation very similar external 
appearance that the present species, but previously stated, this swollen 
portion functions the albumen gland the present species. There are in- 
dications laminated structure this gland described Gudger (1940, 
550) for the nidamental gland Chlamydoselachus. Immediately following the 
albumen gland (3) the nidamental gland (n.g.) which also about one-eighth 
the total length the oviduct and secretes the shell around the ovum. The 
interior surface the nidamental gland extremely well convoluted and 
dark yellowish (1907, 527) Nidamentalorgan 
von Acanthias besteht aus einem cranial gelegenen Teile, der, wenn man nach Ana- 
logie mit Scyllium schliessen Eiweiss erzeugt, aus einem mittleren, der, wie 
sich zeigen lasst, die Schale liefert, und aus einem untersten, wohl Schleim pro- 
duzierenden the functions the various parts the oviduct 
the present species, however, are distinctly diverse, appears better look 
upon each part independently functioning entity and parts two and three 
here described may looked upon analogous the cranial portion, and the 
central and caudal portions the nidamental gland, respectively, described 
Widakowich. The last part (4) the oviduct the vagina occupying about 
one-half the total length. This portion the oviduct designated the vagina 
analogy the use this term mammals view the fact that the intromit- 
tent organs (claspers) the male are inserted through the vaginal orifices during 
copulation. 

Each oviduct opens separately vaginal orifice (Plate and 
into the cloaca. The vagina well convoluted longitudinally permit disten- 
sion both during copulation and during ovulation. certain the females dis- 
sected, parts the purse were present the upper half the vagina 
where leaves the nidamental gland. These parts consisted principally the 
anterior and posterior parts the mermaid’s purse complete with the tendrils 
(see Plate IV, Fig. 6). 


Dissection showing the female reproductive organs Haploblepharus H.). 

a.g., albumen gland. c.p., cloacal papilla. e.g., external gill-filaments. fallopian tube. 
f.t.o., coelomic orifice hooks hooks normally covered rhipidion. 
hy., lumen albumen left vaginal nidamental gland. 
ov., ovary. r., right vaginal orifice (opened). umbilicus with remains 
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The morphology the male reproductive system follows the general plan 
all Elasmobranchs. The testes are paired and occupy the anterior half the 
coelom. From the anterior end each testis the vasa efferentia lead the epi- 
didymus which much coiled. The epididymus eventually widens out into the 

vas deferens which expands and joins its fellow the median line posteriorly, 
opening into the cloaca single pore. 

The secondary sexual characters this species are very distinct and 
mecessary describe them more detail. all male Elasmobranchs, the basal 
element each pelvic fin (basipterygium) prolonged form back- 

wardly-directed rod which sharply demarcated from the remainder the fin and 
specially modified form intromittent organ commonly known the clasper 
myxopterygium. this species the clasper very highly differentiated organ 
which differs many respects from that found other Elasmobranchs. trans- 
verse section the clasper almost completely round its proximal half, the in- 
ternal cartilagenous skeleton forming tube which almost completely filled with 
thick muscular substance through the center which passes the distal 
part the skeleton only occupies the ventral portion the clasper, being continued 
right the tip. The latero-dorsal wings this portion the clasper are formed 
thickened skin, the outer wing being folded over the curved inner wing 
form canal which continuation the duct the proximal portion previously 
mentioned. This canal opens the dorsal side the posterior end the clasper 
the form hypopyle III, Fig. hy.). Schmidt (1930) first noted the 
existence hooks the clasper Halaelurus which genus closely 
related the present one and noted that these hooks were approximately 100 
number. The clasper the present species also shows approximately 100 hooks 
the outer lateral wall the clasper (h. and Fig. 5). 

Schmidt now what purpose this arrangement can serve, 
one comes the conviction that the hooks can used only for fastening the clasper 
the wall the vaginal part the oviduct the female during the copulation. 
Probably, when the clasper introduced, the borders its gutter are turned out 
and all the hundred hooks the row are imbedded the oviducal wall, holding 
the clasper anchors. the other clasper introduced simultaneously the 
other oviduct, the male held 200 little anchors. This arrangement may 
necessary, the female this shark larger than the male, which perhaps car- 
ried about the female during copulation that may continue for very long time. 

“This arrangement the organs copulation the male seems unique 
not only among the fishes, but perhaps the whole animal kingdom,” but makes 
mention the other series hooks (h’.) which lie the inner lateral wall 
the clasper and which are covered rhipidion (r.), whose function spray 
the spermatozoa all directions radiating manner, under the pressure exerted 


The left oviduct opened medially show the internal structure. 
Longitudinal section through the fallopian tube and the albumen gland. 


Ficure Longitudinal section through the nidamental gland and the vagina. 
Ficure Sagittal section through the albumen gland. 
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the water forcibly ejected the siphon. The reason for this obvious since 
fertilization takes place the fallopian tubes and the spermatozoa, although motile, 
have traverse the complete length the vagina, nidamental gland, and the 
albumen gland reach the ova the anterior end the fallopian tubes. 

Leigh-Sharpe (1920) describing the secondary sexual characters 
catulus mentions the presence siphon the ventral surface each pelvic fin. 
The present species also has such siphon developed the same position, although 
probably more analogous the clasper gland mentioned Leigh-Sharpe (op. 
cit., 260) than the siphon. The whole the clasper except the distal end 
covered with dermal denticles. deep dissection the clasper showed that 
way innervated. 


DEVELOPMENT 


order study the external development this species mermaid’s purse 
was opened, the ovum removed from the purse and placed dish running sea 
water. The albumen was completely removed enable one observe the 
development the embryo. 

The egg case purse (Plate Fig. more less typical 
those formed oviparous dogfishes. The anterior end broad and almost 
wide the main body and has straight edge where the two halves have partially 
coalesced. From each lateral end long coiled filamentous process, which grad- 
ually becomes thinner towards the distal end, arises. Near the base each 
these tendrils the purse has longitudinal slit-like aperture (s.) which leads the 
interior. These apertures only appear one surface the egg 
the egg case tapers until little more than half wide the anterior 
the lateral extremities this sharper end two processes arise which are the bases 
the tendrils. These posterior tendrils are much longer and thicker than the an- 
terior ones their points origin, but, like the latter, they also become thinner 
towards their distal ends. this pointed end the purse which first appears 
through the vaginal orifice when the egg case laid. The function the tendrils 
anchor the egg case securely rocks seaweed prevent its being buffeted 
about the waves. The egg case itself formed from keratin secreted the 
nidamental gland. Widakowich (1906) stated that the mermaid’s purse 
lium canicula formed large number separate elements (“Platten”) which 
later, exposure sea water. adhere closely form complete shell (see also 
Hobson (1930, but Haploblepharus edwardsii there evidence 
such formation the egg case which here laid down completely two halves, 
the dorsal and ventral parts, the edges which coalesce. 

dissection the mermaid’s purse shows that structure formed two 
portions which may designated the dorsal and ventral halves, each half being 
hollow, the edges being apposed and completely fused along their whole length 
except the blunt anterior end where the apposition purely 


Dorsal view the left clasper with lateral wings distal portion distended 
show internal 
Ficure series hooks removed from the clasper. 10. 
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through this anterior end that the fish eventually escapes, hence the lack fusion 
these edges. The swollen central portion occupying about two-thirds the 
internal space the egg case, filled the relatively enormous yolk. Surround- 
ing the yolk and occupying the remaining space the egg case the thick viscid 
transparent albumen. From the fact that during the artificial rearing the embryo 
away from the egg case all the albumen was removed from the yolk, obvious 
that this albumen plays part the development nourishment the embryo 
any stage, and purely serves the purpose protective cover around the embryo 
during its development. Its function could regarded more less that 
shock absorber analogous the function the amniotic fluid higher vertebrates. 

The egg itself between and mm. diameter and typical the majority 
Selachian eggs regard the distribution yolk, being telolecithal. one 
surface the egg, which may looked upon the dorsal aspect, lies the germinal 
dise which slightly lighter color than the rest the egg, has diameter 1.2 
and contains practically yolk. Segmentation, all telolecithal eggs, 
meroblastic since the cleavage planes are only restricted the germinal dise and 
not pass through the whole egg. The segmentation the germinal very 
similar that other Selachians and closely approximates that the developing 
chick. The various later stages gastrulation with the subsequent origin the 
germinal layers also typical the class and not necessary elaborate this 
feature. The folding off the embryo takes place very early during develop- 
ment, about days after the egg laid, the embryo then being about mm. 
length and attached the yolk sac very well developed umbilical cord. 
The vitelline blood vessels this stage are extremely prominent and spread out 
over the whole surface the yolk sac. These vessels capillaries unite into two 
median vessels which pass almost completely round the equator the volk Plate 
IV, Fig. region which lies distal from the umbilical cord. Here these ves- 
sels break into two branches running right angles the equatorial vessels. 
These equatorial vessels pass along the sides the umbilical cord and enter the 
heart. 

The vitelline circulation also typically similar that appearing the majority 
oviparous Elasmobranchs and closely approximates that the developing chick 
embryo. The umbilical cord solid and the vitelline circulation plays very im- 
portant role the transference the nutritive food material from the yolk sac 
the developing embryo. The absorption the yolk material progressively in- 
creases with the growth the embryo, with concomitant decrease the size 
the yolk sac Plate Figs. and 9). early stage the develop- 
ment, the external gills, typical most Selachian embryos, make their appearance 


Stages the external development edwardsii. 

The egg case mermaid’s purse, natural size. 

Ficure mermaid’s purse opened show developing embryo days old, natural 
size. 

30-day old embryo. 1.5. 

50-day old embryo. 1.5. 

11. Dorsal view same. 

All Photographs Author. 
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(Figs. and &). origin these external gill filaments are totally unlike the 
external gills found Dipnoi, and any Amphibia, and over their 
function and structure many zoologists have been puzzled. 

Graham Kerr (1919, 157) external gills occur within three 
main sub-divisions the vertebrates, namely, Teleostomatous fishes (Crossoptery- 
gians—the most archaic existing Lung-fishes, and Amphibians 
there are two main groups—Elasmobranchs and Amniotes—in which they are con- 
spicuous their absence. happens, however, there the two groups 
mentioned definite cause which seems quite competent account for disappear- 
ance external gills, namely, the development new organ—a yolk sac with its 
highly developed vitelline net work blood vessels—which addition its 
primitive function must necessarily also function very efficient organ 
respiratory exchange and render any pre-existing respiratory organ longer 

the present species these external gill filaments are richly supplied with blood 
vessels and view the fact that the embryo studied underwent its complete 
development sea water outside the mermaid’s purse obvious that their pri- 
mary function must purely respiratory pair slits the mermaid’s 
purse previously mentioned must serve for the conveyance sea water into the 
interior the purse where probably mingles with the layer 
rounding the developing embryo. Although has been stated that these gill fila- 
ments absorb fluids which are milk-like secretions the uterine mucosa and which 
serve food for the growing embryo all non-placental viviparous sharks and 
rays (Gudger, 1940) the present species this not one their functions. 

(1890, 310) the Skate-embryo the filaments are said dis- 
appear shortly before hatching. may expected that their atrophy commences 
when the purse ruptures sufficiently allow the passage sea water directly 
the embryo. Then the ordinary piscine mode respiration would initiated, and 
the external gills would disappear.” the present species, however, they have 
already disappeared during the yolk sac stage when the embryo days old and 
the sac has decreased about half its original size Fig. and the 
internal gills are this time well developed and functional. 

104 days the embryo has absorbed all the yolk and the yolk sac has shrunk 
such extent that only vestige the umbilical cord remains extending through 
the umbilicus for length about mm. (Fig. 10, u.). the time hatching 
the ventral abdominal surface the embryo between the umbilicus and the cloaca 
richly supplied with blood vessels which form reticulation all over this surface 
(Fig. umbilicus persists for about days after hatching and then com- 
pletely disappears and the fish fully formed 11) and able fend for itself, 
swimming about actively. The gestation period the embryo which developed 
inside the egg case was also 104 days and the state development the time 
hatching was the same. 

SUMMARY 

edwardsii oviparous dogfish endemic South African 
seas. 

The male and female generative systems are dealt with and specialized fea- 
tures such the albumen gland, nidamental gland, and the claspers are described. 
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DEVELOPMENT HAPLOBLEPHARUS EDWARDSII 


Development takes place egg case mermaid’s purse, the gestation 
period lasting 104 days. 
The development embryo external the egg case described. 
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NARCOSIS AND CELL DIVISION COLPODA STEINII 


RICHARD BURT! 


Arnold Biological Laboratory, Brown University, Providence, 


INTRODUCTION 


For many years has been known that great number chemical and physical 
agents can modify the course mitosis and induce the development abnormal 
division figures. Among the many experimental agents that have been employed 
upset normal cell division are the following: basic dyestuffs (Politzer, 1924), 
narcotics Politzer, Nemec, 1904; van Regemorter, 1926; Shaklevich, 1938; 
Ludford, 1936; Geiersbach, 1939), ether (Hacker, 1900; Schiller, 1909; Rosen- 
feld, 1932), (Krantz, 1938), X-radiation (Alberti and Politzer, 1923; Pfuhl 
and Kiintz, 1939), radium (Whitman, 1933), ultraviolet radiation (Stevens, 1909), 
high and low temperatures (Bury, 1913; Bleier, 1930; Vintemberger, 1930; Kemp 
and Juul, 1931), and hypotonic solutions (Lewis, 1933). The instructive point 
gathered from survey such studies that, irrespective the agent em- 
ployed, the induced morphological changes cell division are quite similar. Thus, 
within certain limits concentration intensity the experimental agency, dis- 
orientation the chromosomes the division figure, delay polar movement and 
scattering the chromosomes, dissolution the achromatic 
figure, inhibition cytokinesis, and formation bi- and multinucleate cells are 
common effects. 

The relative lack specificity results produced such diverse experimental 
treatment makes the formulation any complete explanation for these phenomena 
difficult. However, the suggestion Ludford (1936) the effect that metabolic 
changes may have bearing the production anomalous divisional behavior 
becomes significant light recent observations indicating that special portions 
the cell’s metabolism are directly associated with certain physiological activity 
states (For details see Bodine Robbie, Boell and Bodine (1938) Deutsch 
and Raper (1938) Goddard and Smith (1938) Horowitz (1940) Pease (1941) 
Allen and Goddard (1938) van Schouwenberg (1938) and Krahl (1939) 
MacLeod Ormsbee (1941), and Fisher and Stern (1942)). From these 
studies apparent that definite relationship exists between portion 
the over-all metabolism and cell tissue activity. The use narcotics respira- 
tory poisons and the deductions made Fisher and his associates from data ob- 
tained this type treatment are considerable significance connection with 
this problem. The present study attempt relate changes cellular metab- 
olism during division with the appearance abnormal mitoses. The results 
this study are essential agreement with those Fisher that respira- 
tory parallelism can demonstrated Colpoda steinti use ethyl carbamate 
chloral hydrate. The “activity system” Fisher (that portion the overall 
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NARCOSIS AND CELL DIVISION 


respiration that most sensitive narcotic inhibition) appears somehow 
associated with the maintenance normal mitosis, for when differentially 
suppressed appropriate narcotic concentrations, abnormal nuclear figures appear. 
These aberrant mitoses are believed comparable those described the literature 
that have been induced many different agents. Barring such experimental 
intervention, the nuclear complex Colpoda steinii remarkably stable, unlike 
certain other members the family Colpodidae (Burt, Kidder and Claff, 1941). 
Because this stability was selected for the study described. 

indebted Professor George Kidder, Arnold Biological Laboratory, 
Brown University, for his stimulating interest during the course this investi- 
gation. 


MATERIALS AND METHODS 


Colpoda steinii was employed experimental material throughout this investi- 
gation (for species designation see Burt, 1940). Although this ciliate cannot 
readily grown the absence bacteria (food organisms) offers several distinct 
advantages over other forms, notably, its rapid growth high concentrations and 
the clarity the mitotic changes during division (Burt, Kidder and Claff, 1941). 

The ciliates were grown sterile distilled water seeded with the coliform 
bacterium cloacae. One liter Erlenmeyer flasks were used culture 
vessels. The procedure employed culturing was follows: 400 mls. dis- 
tilled water were placed the flasks which were then plugged and autoclaved 
pressure for minutes. Twenty-four hour Kolle flask cultures 
cloacae agar were used food. The bacterial growth two such Kolle flasks 
was harvested mls. sterile distilled water, and mls. the resulting sus- 
pension were added aseptically means pipette each two Erlenmeyer 
flasks containing the sterile distilled this manner fairly uniform suspen- 
sions food organisms were obtained. Stock cultures were carried 
tubes with Aerobacter food. Each flask was inoculated with one ml. these tube 
cultures containing hour cultures ciliates (in the logarithmic growth phase). 
The Erlenmeyer culture flasks were then incubated 24-30 hours room tempera- 
ture before the ciliates were sacrificed. adhering this procedure abundance 
logarithmic actively dividing cells could consistently obtained. 

All culture vessels, pipettes and miscellaneous glassware employed culturing 
the ciliates were autoclaved minutes Ibs. pressure prevent extraneous bac- 
terial contamination inasmuch optimum growth Colpoda steinii obtains with 
Aerobacter alone the food organism (Kidder and Stuart, 1939). Throughout 
all cultural procedure rigid bacteriological technique was followed obviate the 
difficulties arising from contamination the cultures. 

the cytological studies the cells were removed from the culture flasks and 
centrifuged slow speed for four minutes ml. centrifuge tubes. The super- 
natant was then removed means aspirator and more organisms added 
the tubes from the culture. Following second centrifugation, giving adequate 
numbers organisms, the ciliates were placed 250 ml. Erlenmeyer flasks con- 
taining 50-75 ml. freshly bacterized solution narcotic whose effect was 
tested. Equal amounts bacterial suspensions were added each experimental 
and control solution making the dilution the reagent employed. When 
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the desired time treatment had elapsed (one hour) the cells were again packed, 
the supernatant removed, and the cells placed coverslips means capillary 
pipettes. was found convenient and satisfactory employ per cent acetic 
acid absolute alcohol for fixation. The nuclear details were found well pre- 
served after fixation for five minutes this reagent. The Feulgen technique was 
used exclusively making the cytological preparations. This was necessitated 
the fact that differentiation the nuclear details difficult with haematoxylin 
other stains because the retention the dye the division cyst walls. Best 
staining results were obtained hydrolyzing 60° for minutes 
and staining the fuchsin sulfurous acid for six hours. The stained preparations 
are then washed three times for four-five minutes each solution, 
placed for hour running tap water, passed through the lower alcohols 
per cent and stained with fast green, dehydrated absolute alcohol, cleared 
xylol and mounted damar. 

was customary run these cytological experiments four sections 
follows: centrifuging four tubes the contents the mass culture flasks were 
roughly quartered. The organisms obtained centrifugation from three these 
tubes were employed experimentally and accordingly treated with various concen- 
trations reagent. The cells from the fourth tube were always set with bac- 
terized distilled water and thus served controls for the treated organisms. The 
control ciliates were always mechanically treated manner identical with that 
received the experimental organisms. this method aberrations the 
mitotic divisional processes could always attributed safely the effect the 
inhibitor used. 

For the respiration studies two 24-30 hour cultures set described were 
centrifuged and the cells concentrated were resuspended bacterized /200 
phosphate buffer 7.0. One and one half mls. this cell-buffer suspension 
was added the Warburg vessels. Following equilibration (15 minutes) four read- 
ings were taken ten minute intervals determine the normal uninhibited respira- 
tion. The graded concentrations inhibitor tested (made M/200 
phosphate buffer were then dumped from the side bulbs and following 
second equilibration period ten minutes readings were again taken ten minute 
intervals for one hour determine the extent respiratory inhibition. 
ture was controlled 25° 

was considered advisable set three vessels with M/200 phosphate 
buffer the side bulbs serve controls for the experiments. addition 
these normal controls two more vessels were run with 1.5 ml. suspension 
Aerobacter equivalent the bacterial suspension employed the experimental 
vessels. The final computed values for oxygen consumed per hour could therefore 
corrected for not only increase decrease normal control respiration but 
also for the negligible amount oxygen consumed the food organisms both 
before and after inhibition. The fact that organisms the genus Colpoda encyst 
when the supply food bacteria depleted (Taylor and Strickland, 1938; Kidder 
and Stuart, 1939) necessitated the addition bacteria the experimental sus- 
pensions. Because the presence the bacteria, absolute values oxygen 
consumed the ciliates would very difficult not impossible ascertain. 
However, where only relative rates respiration are sought, this instance, 
the food organisms introduce serious technical difficulty. 
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simple technique was employed means testing the degree growth 
suppression different concentrations inhibitor. Although this method lacks 
the refinement cell counting technique, the results are believed roughly 
comparable. these experiments four tubes were set for every narcotic solu- 
tion tested. The final volume the narcotic solution following bacterization 
was addition this series four tubes for every narcotic concentration 
tested through the range under investigation, four more tubes were set with bac- 
terized distilled water serve controls. Following inoculation with one loopful 
logarithmic Colpoda, the growth each the four inhibited series and controls 
was read 12, 24, and hours. Control growth was arbitrarily designated 
four plus, and growth the experimental tubes designated three plus, two plus, 
one plus, plus-minus, and minus depending the degree inhibition. The 
range inhibitor concentration where growth was completely suppressed was 
termed the zone complete growth inhibition. these experiments aseptic 
procedure was not adhered either experimental control tubes over the 
period time these determinations were made was felt that extraneous bacteria 
would not significantly modify the results. 

assaying the effectiveness the narcotic concentration tested disrupting 
mitosis only cells which the polar migration daughter micronuclei was obvi- 
ously retarded were counted affected (compare Fig. 1-H with Fig. 
will presently pointed out detail, Colpoda steinii usually divides twice within 
division cyst wall produce four daughter ciliates. The aberrant nuclear di- 
visions were accordingly expressed per cent all cells counted mitosis be- 
tween the first metaphase and the telophase the second division. This method 
offered reliable means obtaining quantitative estimate the damage induced 
the agents employed. emphasized, however, that the delay polar 
migration the daughter micronuclei was not the only observable defect resulting 
from narcosis. merely served convenient method evaluating the extent 
mitotic derangement. The other changes concomitant with the polar defect will 
considered elsewhere. 

Potassium cyanide, potassium ferricyanide, sodium arsenite, iodoacetate, vari- 
ous carbamates and chloral hydrate were tested varying concentrations for their 
effect the division mechanism. Ethyl carbamate and chloral hydrate were most 
thoroughly studied this respect and were also selected inhibitors for the 
respiration studies. 


OBSERVATIONS 
Normal division 


The organisms the genus Colpoda normally reproduce within division cysts 
(for details see Kidder and Claff, 1938; Burt, Kidder and Claff, 1941). The 
trophic ciliates (Fig. 1-4) round prior division, dedifferentiate and secrete 
the cyst wall within which the ensuing fissions occur, steinii usually dividing 
twice form four daughter cells. These stages are depicted Figure 
The first changes the nuclear complex marking the onset division are 
found the macronucleus. This organelle loses its trophic ellipsoidal shape, 
becomes rounded, and the polar chromatin aggregates break into irregular 
masses attaining the general configuration shown Figure 1-B. Meanwhile the 
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micronucleus proceeds through the prophasic changes first marked swelling then 
condensation chromatin form striae from which the chromosomes are formed. 
These micronuclear transformations culminate the metaphase configuration 
shown Figure 1-B with the chromosomes oriented parallel the long axis 
the spindle. this stage the macronuclear chromatin may considered 
divided into two portions, one consisting the irregular masses centrally disposed 
the other, being peripherally located and optical section, seems plastered 
the macronuclear membrane giving rise beaded appearance. The anaphase 
depicted Figure 1-C. the termination metaphase, the division figure ap- 
pears break into two parts followed the rapid movement the daughter 
halves polar positions opposite sides the macronucleus (Fig. 1-D 
Upon displacement the daughter micronuclei 180° the macronucleus elongates 
and constricts centrally. Cytokinesis soon follows the completion which the 
daughter micronuclei immediately pass into prophase and the same series events 
repeated with the result that four daughter cells are produced shown Figures 
1-F and 1-G. Motor and oral organelles are differentiated the four daughters 
and swimming movements are taken within the cyst wall until finally the cyst 
membrane ruptured and the ciliates escape into the surrounding medium. 
visible nuclear extrusion has been observed during divisional phases this species 


(Burt, Kidder and Claff, 1941). 


Experimental modification mitosis 


Striking differences were observed the effectiveness the various inhibitors 
employed disrupting the divisional mechanism. Ethyl carbamate was found 


quite active this respect, however, and because various other advantages 
offered this compound, notably its high solubility and effectiveness over 
relatively wide concentration range, was most extensively studied. Potassium 
cyanide, potassium ferricyanide, sodium arsenite (neutralized solution), and 
iodoacetate were without effect toxic concentrations. Related carbamates 
produced changes similar those induced ethyl carbamate and the results 
treatment with chloral hydrate are believed entirely comparable those 
caused inhibition with the urethanes. the following account the cytological 
changes induced these substances will considered. 

Ethyl carbamate: Striking changes the course mitosis were obtained 
concentrations ethyl urethane ranging from 0.5 2.0 per cent. The treat- 
ment did not appear affect particular stage mitosis, however, but inhibition 
any divisional stage progress the time exposure seemed obtain. 
similar observation was made Ludford (1936) for this narcotic. view 


Colpoda 1400. trophic organism; B-G, normal division phases; 
H-L, aberrant divisions produced 1.3 per cent ethyl carbamate. Micronucleus full 
metaphase first division. Micronucleus anaphase. micronucleus moving poles. 
Micronucleus continuing polar movement; macronucleus elongating. Micronucleus 
metaphase second division. Second division completed. Nuclei daughter cells return- 
ing trophic condition. Failure micronuclear migration; macronuclear chromatin aggre- 
grates more diffuse; reappearance Similar arrested polar movement 
micronuclei; macronuclear chromatin diffuse; material reappearing. Seg- 
regation both daughter micronuclei into one cell following first division. Arrestment 
division micronuclear metaphase. Both micronuclei one pole elongated macronucleus. 
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this fact, not all that great variety aberrant divisional types 
were observed. Because this almost infinite variation the nuclear features 
associated with narcosis, exceedingly difficult evaluate the activity the 
narcotic any other basis than its effect polar movement daughter micro- 
nuclei. 

With urethane this polar defect exhibited through concentration range 
0.5 2.0 per cent. Thousands cells were counted following treatment with 
various narcotic concentrations (for complete data this and the following ob- 
servations see Burt, 1942). Figure these data are plotted semilogarithmically. 
The defective polar movement increases from 0.5 per cent urethane maxi- 
mum around per cent 1.5 per cent urethane concentration. This maximum 
value probably determined the number ciliates the first second divisions 
whose micronuclei are between metaphase and telophase. During these stages one 
aspect inhibition cell division expressed lag poleward movement. 

pointed out, however, the effect urethane appropriate concentrations 
dividing steinii characterized not only delay polar movement, but also 
changes the state aggregation both macro- and micronuclear chromatin 
and also abnormal configurations the dividing nuclear complexes. Some 
these changes are illustrated Figures 1-L. 

Figure 1-H the polar defect very well shown. this phase division, 
judging the elongation the macronucleus, the daughter micronuclei should 
have attained polar positions the cell shown Figure normal division 
figure. the contrary, the daughters are centrally located near the middle 
the macronucleus. somewhat similar situation obtains Figure 1-/, although 
the appearance means striking. Figure 1-L another possible orienta- 
tion the nuclear complex shown. Here the daughter micronuclei are termi- 
nally located the same pole. One result such aberrant behavior the part 
the daughter micronuclei illustrated Figure this instance cyto- 
kinesis and division the macronucleus has occurred, but the micronuclei, due 
failure assuming polar positions, have both been segregated into one daughter 
cell. Figure 1-A inhibition division has occurred the metaphase. 

all these cases the aggregation the macronuclear chromatin has been 
changed some extent. general, most the macronuclear chromatin the 
treated cells exhibits tendency become plastered the nuclear membrane rather 
than maintain central disposition characteristic the normal dividing 
Concurrently, the aggregates become more diffuse and varying degrees fusion are 
shown 1-/). 

noteworthy feature the urethane-treated cells the behavior the Binnen- 
plasmasomal material. Normally this substance, which stains lightly 
with fast green tropic ciliates, not evidence preparations immediately after 
the onset nuclear division. However, narcotized cells reappears and found 
dispersed around the diffuse chromatin aggregates the macronucleus. 

The morphological behavior the chromatin and plasmasomal material 
narcotized cells suggestive partial reversion trophic nuclear condition. 
possible that under the influence the narcotic and consequent suppression 
normal nuclear division this tendency, although normally expressed the termi- 
nation cell division, becomes dominant. any rate, the appearance the 
inhibited cells way suggests immediate inhibition all nuclear activity. 
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more likely that certain changes continue and give rise the modified division 
figures observed. 

Indicative the fact that any phase cell division susceptible the effects 
narcosis the diversity aberrant division figures produced result 
treatment. continuous series aberrant figures representing all stages 
division may constructed. 
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Summary complete urethane data. Log (10 aberrant division fig- 
ures (per cent) and zone complete growth inhibition plotted against Log (10 concentra- 
tion urethane). 


Other carbamates: The affects n-propyl, phenyl, n-amyl, iso-amyl, and 
ethyl-n-methyl carbamate cell division were also studied. None these sub- 
stances were tested through wide range concentration small graded in- 
crements was ethyl carbamate. However, was found that these closely related 
compounds produced divisional changes qualitatively identical with those ethyl 
urethane. The ability inhibit micronuclear migration common all members 
this group substances. Similarly, the associated changes arrangement and 
aggregation macronuclear chromatin and the bizarre division figures described 
for ethyl urethane were also induced. 


d 
- 
O 
7 
| 
| 
q 
A 
ae 
“3 


RICHARD BURT 


Chloral hydrate: The activity this compound disturbing the normal 
progress division was assayed graded concentrations 0.1 per cent incre- 
ments between 0.05 and 0.5 per cent. The morphological changes induced were 
similar those described for the urethanes, but the percentage chloralized cells 
which the polar defect appeared was never high. Moreover, the concentration 
range for induction the polar defect quite narrow per cent). 
The maximum number deranged mitoses was only 3.9 per cent, small value 
compared with the maximum ethyl urethane value more than per cent. 

excess 0.3 per cent chloral hydrate the delay poleward movement and 
the changes the nuclei characteristic cells narcotized the lower concentra- 
tions rather abruptly disappear. these higher concentrations retrogressive 
changes are induced which are expressed condensation, diffuse staining and 
chromatolysis the macronucleus and pyknosis the micronucleus. The in- 
cidence these changes, although slight moderate 0.4 per cent, increases 
rapidly with still higher concentrations until per cent chloral hydrate 
all the organisms, both trophic and those division, are frankly moribund. 
These degenerative changes are physiologically and morphologically reversible 
some cells least after one hour exposure 0.6 per cent. the cells are washed 
free narcotic, packed centrifugation and resuspended freshly bacterized dis- 
tilled water, growth will ensue. impossible determine, however, whether 
not every cell treated viable. 

summary, chloral hydrate affects cell division manner quite similar 
ethyl carbamate and related compounds. However, the effective range concen- 
tration for the production these changes relatively narrow, and concen- 
tration are the numbers deranged divisions high. explanation for 
this difference activity will outlined. 

Effect other inhibitors: The following compounds the concentrations 
indicated were tested for their effect the divisional 


Inhibitor Concentrations 
Potassium cyanide 0.005M 0.000,05M 
Potassium ferricyanide 0.050M 0.005M 
Sodium arsenite 0.001M 0.000,25M 
Monoiodoacetic acid 0.005M to 0.000,5M 


These metabolic poisons throughout the concentrations designated were uniformly 
ineffective the production aberrant divisions the type described for the 
carbamates and chloral hydrate. When cells were exposed the lower concen- 
trations these inhibitors change could detected cytologically the progress 
division. However, higher concentrations retrogressive changes characterized 
extreme condensation and pyknosis both macronuclei and oc- 
curred. These changes were comparable those induced high concentrations 
chloral hydrate and are considered definite signs cell damage opposed 
the milder type change occurring with moderate narcotic concentrations. 


Growth inhibition 


correlative procedure connection with the cytological and metabolic 
studies, the effect ethyl urethane and chloral hydrate suppression growth 
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Figure are tabulated the results from one typical determination with ethyl 
urethane. Fairly close correspondence the degree inhibition among the four 
experimental series was obtained. apparent from these results that growth 
only slightly affected 0.5 per cent urethane plus plus growth). How- 
ever, with increasing concentrations narcotic, suppression growth becomes 
more pronounced until 1.0 per cent urethane cell division all can detected. 
Similarly, Ormsbee (1941) found that 1.0 per cent urethane would completely 
inhibit the growth populations the ciliate geleii. 
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Ficure Inhibition growth cultures with various concentrations 
ethyl carbamate. Four plus growth represents growth untreated controls. 
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Ficure Inhibition growth cultures Colpoda with various concentrations 
chloral hydrate. Four plus represents growth untreated controls. 


Figure are represented the results analogous determination made with 
chloral hydrate. Here complete inhibition growth takes place 0.2 per cent 
the narcotic. 
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Comparison the two sets experimental results instructive indicating 
the differences effective concentration ranges the two inhibitors. the case 
ethyl carbamate increment 0.6 per cent concentration must made from 
the point where its effect first noted until complete inhibition occurs (from 0.5 
1.1 per cent). With chloral hydrate this increment only 0.15 per cent one 
fourth that urethane. This correlated with the brief range effectiveness 
chloral hydrate the induction aberrant division figures. 


Respiratory metabolism 


pointed out preceding section, overall oxygen consumption cell 
tissue does not necessarily have uniform significance regards specific function. 
Perhaps the most convincing evidence for this the interpretation nacrotic in- 
hibition data made Fisher and his colleagues (for review see Fisher, 1942). 

Equations expressing the relationship between enzyme and inhibitor may 
derived from the Law Mass Action (Warburg, 1927; Warburg and Negelein, 
1928; Fisher and required the Mass Action formulation, 
when the logarithm the concentration inhibitor (narcotic) plotted against 
Uninhibited respiration 
the logarithn 

Inhibited respiration 
linearity mass action curves constructed believed indicate the presence 
least two parallel respiratory systems Arbacia eggs and yeast (Fisher, 
Fisher and Henry, 1940; Fisher and Stern, 1942). 

The respiration Colpoda was tested graded concentrations 
urethane and chloral hydrate with the object obtaining evidence for such respira- 
tory discontinuity this organism. The results respiratory inhibition meas- 
ured the Warburg technique between concentrations 0.4 and 2.0 per cent 
urethane are plotted Figure concentration urethane between 1.0 and 
1.2 per cent break the mass action curve occurs which point respiration 
inhibited per cent. This taken evidence for the existence two separate 
respiratory mechanisms that differ sensitivity narcotic inhibiton. 

Figure also shown the relationship between this respiratory data, growth 
inhibition, and aberrant nuclear behavior various levels narcotic inhibition. 
The increase pathological cell divisions related the degree suppression 
the upper limb the mass action plot representing the inhibition the more 
highly narcotic-sensitive fraction metabolism. also interesting note the 
correspondence between the concentration urethane giving complete growth 
inhibition (1.1 per cent) and the concentration which the break the mass 
action curve occurs (approximately 1.1 per cent). 

discrepancy exists these relations, however, for the maximum number 
aberrant nuclear divisions not obtained until concentration 1.4 1.5 per 
cent urethane reached. This may due experimental error part, but the 
theoretically more attractive possibility that overlapping the inhibition 
the two respiratory systems occurs. accordance with this view the resting 
system would begin inhibited before the activity system was completely sup- 
pressed. This point will dealt with more fully following section. Ap- 
parently, however, following complete inhibition the more narcotic sensitive 
fraction (activity system Fisher) not only growth the culture suppressed, 
but the incidence abnormal divisional figures attains maximum. 


straight line should result. Non- 
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Figure summarized the effect respiration, growth and the derange- 
ment cell division brought about graded concentrations chloral hydrate 
between 0.0125 and 0.6 per cent. These results resemble those obtained with ethyl 
urethane. Non-linearity the mass action curve characteristic. Also fair 
correspondence exists between the concentration giving complete growth inhibi- 
tion (0.2 per cent) and the concentration which discontinuity the respiratory 
inhibition becomes apparent (0.1 per cent). Unlike urethane, however, the per- 
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Summary complete chloral hydrate data. Log (10 aberrant divi- 
sion figures (per cent) and zone complete growth inhibition plotted against Log (10 con- 
centration chloral hydrate). 


centage aberrant nuclear divisions induced chloral hydrate never high, the 
maximum being the vicinity per cent. This maximum not obtained until 
the cells are exposed 0.3 per cent chloral hydrate, 0.2 per cent excess the 
concentration which discontinuity the respiratory data expressed. Again, 
possible explanation for this may overlapping the inhibition the 
activity and resting systems whereupon after certain concentration exceeded, 
both are inhibited simultaneously. That the more sensitive fraction indicated 
chloral hydrate represents about per cent the total respiration (taking the 
break the curve the end point) contrast per cent with urethane makes 
this possibility plausible. The higher value respiratory inhibition down the 
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point where discontinuity displayed the mass action curve therefore represents 
the activity system plus the added respiratory decrease caused the suppression 
part the less sensitive fraction. 


believed that under the experimental conditions adhered this study 
the data indicate the presence least two fractions metabolism Colpoda 
These differ their sensitivity inhibition either chloral hydrate 
urethane. One portion this parallel respiratory mechanism, the activity frac- 
tion, appears associated with the maintenance normal cell division. 
general, this agreement with the observations Fisher and his colleagues 
(1940-1942). This conception based the that discontinuity the 
relation between concentration narcotic and its effect depressing respiration 
these ciliates expressed mass action treatment the data. The factors 
that might invalidate such interpretation have been pointed out Fisher and 
Stern (1942), but believed that these factors were not operative this 
investigation. 

Complete and quantitative separation activity and resting fractions the 
total metabolism differential narcotic inhibition considered here extremely 
unlikely. Four findings this report support the view that parallel inhibition 
the two systems occurs intermediate range narcotic 

The increase maximum the incidence nuclear aberrations after 
mass action discontinuity has been expressed. This considered most significant 
and was found with both urethane and chloral hydrate (See Figs. and 5). 

The per cent between the activity respiration indicated 
urethane (35 per cent) and that chloral hydrate (45 per cent). 

The delay obtaining complete growth suppression with chloral hydrate 
after discontinuity the mass action curve has been expressed. 

The brief effective concentration range chloral hydrate inducing ab- 
normal division figures and the low maximum for the polar defect obtained with this 
reagent. 

Nuclear divisional activity persists narcotic concentrations excess those 
the break the mass action curves. The maximum number ab- 
normalities with urethane does not occur until concentration 1.5 per cent 
the narcotic reached, and 0.3 per cent chloral hydrate necessary attain the 
corresponding maximum. Hence, the relation between the activity fraction, 
determined the respiratory inhibition curves, and divisional activity not 
precise. believed that this failure complete correspondence between the 
production aberrant mitoses and discontinuity the respiratory data due 
parallel simultaneous inhibition both activity and resting systems 
intermediate range narcotic concentrations. effect, this means that con- 
tinued nuclear activity possible even after the break the mass action curves 
occurs because the activity system not completely suppressed this point. 
Mitosis therefore continues increasingly abnormal fashion until the activity 
metabolism finally completely eliminated. 

The conception overlapping parallel inhibition both respiratory mecha- 
nisms also implies that the slopes the two lines describing the reactions cannot 
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accurately descriptive the relation between the narcotics the separate 
systems even though the existence least two respiratory mechanisms ap- 
parent. Furthermore, the value per cent representing the activity respira- 
tion, determined urethane inhibition, not absolute value for the per- 
centage the total energy involved cell multiplication. However, this figure 
corresponds fairly well with the per cent found for geleii 
Ormsbee (1941) and the per cent the overall respiration associated with 
the maintenance cell division sea urchin eggs reported Krahl and Clowes 
(1939). 

The value per cent for activity respiration, determined chloral hydrate, 
can accounted for overlapping the inhibition the two respiratory mecha- 
nisms. The additional per cent activity respiration indicated this drug would 
thus represent part the resting respiratory mechanism that was involved the 
narcotic concentration where the break the mass action curve occurred. Failure 
completely suppress growth concentration 0.1 per cent chloral hydrate (at 
break logarithmic plot) likewise indicative this inhibition overlap. With 
the increase narcotic 0.2 per cent cell multiplication ceases because the more 
complete elimination the activity system. 

When the progress mitosis suppressed appropriate narcotic concen- 
trations nuclear changes described earlier this report reorganizational are in- 
duced. Higher concentrations narcotic inhibit these trophic changes (as per 
cent urethane 0.5 per cent chloral hydrate). these concentrations the nuclei 
become condensed and pyknotic. The morphology described resulting from 
varying degrees suppression the activity system obtained lower narcotic 
concentrations are not seen these higher drug levels. Thus the production 
nuclear abnormalities the type described, two mechanisms appear operate: 

The inhibition the activity system with associated suppression the 
progress mitosis. 

Reorganization the nuclei toward the trophic condition that stage 
division where inhibition has occurred. 

The trophic changes are considered here dependent upon the maintenance 
the resting metabolism the cell (narcotic resistant system). more this 
less sensitive respiratory system inhibited with increasing narcotic dosage, 
point finally reached when reorganization toward the trophic morphology cannot 
occur. Concomitantly pyknosis sets and the nuclear picture completely 
altered. Where the resting fraction inhibited simultaneously with the activity 
fraction restriction the effective production aberrant divisional figures 
results. The brief range effectiveness and low maximum for nuclear abnormali- 
ties obtained with chloral hydrate can accounted for this basis. 

The conception overlapping with respect narcotic inhibition postulated 
the foregoing account supported the observation Fisher that 
benzoate inhibits the resting system sea urchin eggs before inhibiting the ac- 
tivity system. necessary inhibit per cent the respiration before 
inhibition cleavage occurs. The condition described for steinii its 
havior with narcotics appears represent intermediate situation between the 
theoretical, where precise quantitative separation the two systems would occur, 
and the juxtaposition the two systems with respect sensitivity benzoate 
described for sea urchin eggs. 
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emphasized that the narcotic concentration required inhibit cell 
multiplication cultures corresponds closely with that the point the mass 
action curves where discontinuity expressed, i.e., when the activity system, 
determined this method, inhibited growth the culture ceases. suppress 
nuclear activity, however, more complete elimination the activity system appears 
necessary, hence the delay attaining the maximum number abnormal 
division figures. 

The cytological effects narcotics dividing Colpoda steinii are considered 
here unique, but are comparable the results obtained with these agents 
many other cell types. Furthermore, apparent that addition narcotics 
many chemical and physical agents induce quite similar changes the course 
cell division. general, the interpretation placed this non-specificity effect 
that regardless the agent employed there somehow brought about modifica- 
tion the intracellular colloid state. This common result experimental treat- 
ment would account for the similarities morphological variation (see Ludford, 
1936; von Lehotzky, 1938; Kemp and Juul, 1931; Lewis, 1933, 1934; Rosen- 
feld, 1932). This point view, light the paucity information available 
that pertinent the actual mechanics these defects, appears well taken. 
However, the complexity the protoplasmic organization its reactions vari- 
ous treatments must not overlooked. 

the present study has been shown that with gradual suppression that 
portion the cells’ energy yielding reactions designated activity metabolism, cell 
multiplication suppressed and abnormal division figures are induced. not 
surprising that the divisional mechanisms drawing these energy sources should 
reflect such reductions energy production abnormal behavior. However, 
difficult visualize the manner which this metabolic inhibition becomes 
morphologically expressed. 

Possibly interfering with cellular oxidation (narcosis) physical changes 
the protoplasm result (von Lehotzky, 1938); this would relate the abnormal di- 
vision figures obtained narcotics those induced temperature changes, 
ether, carbon dioxide, hypo- and hypertonic solutions. All these agencies have 
been demonstrated affect the viscosity protoplasm (for review, see Chamber’s 
discussion Cowdry’s General Cytology). Conceivably, such experimental in- 
terference might effect modifying normal cyclical viscosity changes 
during cell division (Heilbrunn, 1917; 1920; 1921). 

doubt such physical changes are significant for the normal progress cell 
division and bear consideration dealing with experimentally induced changes 
mitosis. That such purely physical aspects fail describe the entire sequence 
events encountered the complex dynamics cell division obvious. may be, 
however, that they are the links between the biochemical phases involving cellular 
oxidations and the well known cytological manifestations activity. Integrating 
factors for such association are present lacking. With regard the present 
study, can only said that certain portion the overall metabolism prob- 
ably associated with these mechanisms. postulate more than this would 
the sheerest speculation. 

Briefly, the negative results obtained the preliminary work with cyanide, 
ferricyanide, arsenite and iodoacetate may considered. ‘The reactions any 
these inhibitors the intact cell, with the possible exception cyanide, are 
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complex. the present time data concerning their effect the metabolism 
Colpoda are lacking. Apparently, however, with the limited information 
concerning the morphological expression treatment these agents, their effects 
differ considerably from those the narcotics tested. take one example, 
cyanide does not seem visibly alter the division mechanism until the occurrence 
retrogressive changes resembling those induced the higher doses narcotics. 
Tentatively may suggested that virtue its reaction the oxygen 
end the cellular oxidation chain where large percentage respiration 
mediated, simultaneously inhibits both activity and resting systems. When 
certain percentage the resting metabolism has been suppressed, the retrogressive 
alterations are induced. 


SUMMARY 


Ethyl carbamate has been demonstrated effective inducing aberrant 
nuclear behavior during division the ciliate Colpoda steinii. This activity 
shared other carbamates and chloral hydrate. These effects are described 
detail. 

quantitative means assaying cytologically the activity these substances 
described. the basis defective polar movement daughter micronuclei 
ethyl carbamate was found more active than chloral hydrate. possible ex- 
planation for this observation postulated. 

The results preliminary work involving treatment dividing cells with 
potassium cyanide, potassium ferricyanide, arsenite, and iodoacetate are reported. 

These agents apparently not share the activity evidenced the carbamates 
chloral hydrate. 

means the Warburg technique the effect urethane and chloral hy- 
drate respiration sfenii was studied. 

Discontinuity the quantitative action these agents respiration in- 
terpreted indicate the existence least two fractions metabolism. One 
these, the activity system, believed associated with the process cell 


division. 

Complete separation these two systems not considered probable, how- 
ever, and caution urged the interpretation discontinuity Mass Action 
treatment this and similar data. 

The significance the association the appearance aberrant division 
figures, growth inhibition and discontinuity the relationship narcotic concen- 
tration respiratory inhibition pointed out. Discrepancies these relation- 
ships are discussed. 

The bearing metabolic inhibition the general problem the pathology 
mitosis discussed. 
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NOTE THE ABSORPTION SPECTRA THE BLOOD 
EUDISTYLIA GIGANTEA AND THE PIGMENT THE 
RED CORPUSCLES CUCUMARIA MINIATA 
AND MOLPADIA INTERMEDIA 


FREDERICK 


The Oceanographic Laboratories and the Department Zoology and Physiology, 
University Washington, Seattle 


1868 Lankester noted the presence red pigment (erythrocruorin) the 
plasma certain annelids, Chironomus larvae and Planorbis. also re- 
ported green pigment (chlorocruorin) the plasma Siphonostoma and Sabella. 
Subsequent studies have revealed the widespread occurrence erythrocruorin 
(invertebrate hemoglobin) many worms, echinoderms (holothuroids), 
some molluscs and few arthropods (Redfield, 1933; Kobayashi, 
Chlorocruorin appears more limited its distribution having been found thus 
far only certain polychaete worms (Fox, 1925). 

The absorption curves both these heme pigments have been studied some 
detail Fox (1925), Redfield and Florkin (1931) and Kobayashi (1932, 1935, 

1936). From review this literature appears that the a-band oxyerythro- 
cruorin falls, most cases, well within the region, although figures 
low 574.5 have been reported for some the worms and Barcroft, 
1924; Kobayashi, 1936). The usual position the a-band agrees well with the 
position the comparable band vertebrate blood. The oxyerythro- 
cruorin occurs, most cases, between 540-542 although, here again, there are 
exceptions the case the holothuroid, Caudina chilensis, where this band 
found 544.2 (Kobayashi, 1932) and the case the earthworms, Pheretima 
communissima and Pheretima hilgendorfi, where the band occurs 538 and 
539 respectively (Kobayashi, 1936). The usual position the 
oxyerythrocruorin agrees generally with the position the comparable band 
vertebrate blood. Reduced erythrocruorin, many cases, possesses single band 
with maximum 556 which also the case for vertebrate hemoglobin, but 
Caudina chilensis this maximum has been reported occur 560 (Kobayashi, 
1932) and Cucumaria frauenfeldi 558 (Hogben and Van Der Lingen, 
1938). The situation appears distinctly different for some the worms 
where the reduced pigment possesses double peak; one band being 566-571 
my, the other 549-551 (Kobayashi, 1936; cited Kobayashi, 1936). 

war leave the Department Aviation Medicine, School Medicine, University 
Southern California. 

Many authors, since the original work Lankester, have used the term hemoglobin for 
the pigment invertebrates, but the present writer following the suggestion Svedberg and 
Eriksson (1933) that, since the protein portion invertebrate hemoglobin characteristically 
different from that vertebrate hemoglobin, the separate name, erythrocruorin, justified. 

report has been published Sato and Tamiya (1937) indicating bands hemoglobin 
Paramecium caudatum, but the writer has seen only abstract this report. 
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Compared oxyerythrocruorin, the bands oxychlorocruorin 
toward the red end the spectrum. five species worms, Fox (1925) ob- 
tained spectrum with the a-band the 602.5-605.9 region, while the 
(in Spirographis) 561 and third faint band (also Spirographis) 
located about 517 crystalline chlorocruorin, Roche and Fox (1933) 
have been able confirm: these results. 

Recently the author had occasion examine spectroscopically the green pig- 
ment dissolved the plasma the tube worm, gigantea, and the red 
pigment the corpuscles found the perivisceral fluid the holothuroids, Cucu- 
maria miniata and Molpadia intermedia. The results which were obtained agree 
many details with previous data, but some respects the results are strikingly 
different that record them would value, even though the war has pre- 
vented completion the investigation. 

The author wishes express his appreciation Professor Thomas Thomp- 
son for making available the facilities the laboratories Friday Harbor and the 
Oceanographic Laboratory Seattle. Professor Trevor Kincaid appreciation 
expressed for his aid identifying the animals used this work. 


MATERIALS AND METHODS 


The large tube worm Endistylia gigantea (family Sabellidae) found rela- 
tively low tidal levels large colonies attached rocks pilings certain areas 
Puget Sound. The pigment, which dissolved the plasma, appears red 
the concentration occurring the dorsal blood vessel, but upon removal and 
dilution seen green. About 0.1-0.2 ml. blood was obtained 
means glass capillary tube inserted into the dorsal blood vessel. After dilution 
about 50-100 ml. with either cold distilled water with cold sea water, the 
solution was filtered and the filtrate, containing the pigment, was placed 
cm. long specimen tube. The spectrum was then obtained visual matching, 
using Bausch and Lomb spectrophotometer. The holothuroids which were used 
include the sea cucumber, miniata (order Dendrochirota), which 
found abundantly Friday Harbor between rocks low tide level, and the 
apodous sea cucumber, intermedia (order Molpadiida), which was ob- 
tained from the muddy bottom East Sound depth 12-15 fathoms. The 
red pigment located numerous corpuscles suspended the perivisceral fluid 
both these sea cucumbers. These corpuscles Molpadia, when examined micro- 
scopically, are seen pale-yellow cells which possess variety elongated, 
multi-lobed shapes. few are oval spherical form and all them have 
single, small, dark and spherical nucleus located variety points the cell 
but rarely the geometric center. When drop distilled water mixed with 
drop the perivisceral fluid the cells assume perfectly spherical form and the 
nucleus seen occupy eccentric position. The corpuscles Cucumaria are 
also pale-yellow, nucleated cells with variety shapes; some are ovoid, some 
spherical and others are quite irregular with one several processes. The elon- 
gated lobed forms Molpadia are seldom seen Cucumaria miniata. Previous 
accounts the holothurian red cell Dawson (1933) and Ohuye (1936) have 
already mentioned some these structural features. means small punc- 
ture the body wall, the red perivisceral fluid was collected and the cells cen- 
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out. After decanting the supernatant fluid, the cells were washed cold 
sea water and again centrifuged out. This process was repeated three four 
times after which the cells were hemolyzed in‘cold distilled water. The solution 
pigment after filtration and dilution about one hundred ml. with cold distilled 
water was examined spectroscopically. 
Results and discussion 

The five curves (Fig. obtained from five different sea cucumbers (Cucu- 
maria miniata) give indication the reproducibility the spectral curve and 
show that the location point maximum minimum can checked within 


These curves, which were obtained from well-aerated solutions the pig- 
ment, show two maxima; one my, the other 544-545 The point 


o26c 


SIO S20 S30 S40 SSO S60 S70 S80 S90 600 610 620 630 
€ 


Ficure The absorption spectral curves the pigment from five different sea cucumbers 
(Cucumaria The density (log plotted ordinates against the wave length, 
The individual graphs are plotted multiple ordinate scale avoid crowding. The 
zero ordinate for each curve indicated the corresponding letter. Each plotted point repre- 
sents the mean spectrometric readings. 


minimum absorption between these two maxima 564-565 mp. compari- 
son the spectral curves the pigments, the oxidized state, from all three 
species shown Figure evident that all three pigments show two 
maxima, but the maxima for Eudistylia and for Molpadia are shifted toward the 
red end the spectrum when compared with the Cucumaria data, the shift being 
greater the case Molpadia. The position the maximum and minimum 
points for all the curves that were obtained from all three organisms are listed 
Table 

Reduction the pigment means sodium hyposulphite results radical, 
though reversible, change the spectral curve for all three pigments (Fig. 3). 
the case Cucumaria the original bands disappear and two new bands, one 
562-563 my, the other 530-532 make their appearance. The point mini- 
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mum between these two maxima located 545 (Table I). 
reduction results the disappearance the two original bands and the appear- 
There also indication second- 


ary band about 540 (Fig. but the data this point are too meagre 


Eudistylia, 


merit any degree confidence. Reduction the pigment from Molpadia, again 
with hyposulphite, leads the replacement the two original bands single 
band 588 possible that, here too, more data would reveal the existence 
secondary band since indication this visible the curve for Molpadia 
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The absorption the oxidized pigment from Molpadia intermedia 
miniata (C). The curves are plotted 
multiple ordinate scale. Other details Figure 
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Ficure absorption curves the pigment after reduction with sodium hyposulphite 
from gigantea (A), Molpadia intermedia (B), and Cucumeria miniata (C). The 


curves are plotted multiple ordinate scale. 
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TABLE 
Oxidized state Reduced state 
Species * 
Caudina chilensis 579.5 544.2 564.5 560 
Cucumaria frauenfeldi 579 543 558 
(crystals) 
Eudistylia gigantea 605 555 576 580 540 
604 555 576 577 
603 558 577 
602 554 575 
Cucumaria miniata 581 545 564 562 
580 545 564 561.5 530 
580 544 564 562 531 
580 544 565 562 531 
580 547 565 562 531 
582 545 565 563 532 
563 535 
Molpadia intermedia 615 570 592 
612 570 592 588 
611 568 595 


The position the minimum between the and 

The data from Caudina and Molpadia roretzii were taken from Kobayashi (1932). 

The data for Cucumaria frauenfeldi were taken from Hogben and Van Der Lingen (1928). 
The data for Spirographis were taken from Roche and Fox (1933). 


(Fig. 3). clear, then, that reduction the pigment from all three organisms 
leads hypsochromic shift, but the shift not one equal magnitude for all three 
organisms, since the span from the a-band the principal band the reduced pig- 
ment about for Cucumaria, for Molpadia and for Eudistylia. 

seems very likely that the pigment the red cells 
erythrocruorin. The positions the and well the point mini- 
mum, agree reasonably well with the previous data obtained with other holothurians 
(Table The reduced pigment from Cucumaria shows two bands; the main 
band 562-563 agrees approximately with the band previously re- 
ported for holothurians (Table I), but the secondary band 530-532 previ- 
ously unreported, although from the plasma pigment certain worms (Kobayashi, 
1936) spectral curve has been obtained which has structure with the 
secondary band the 549-551 region. 

also seems likely that the green pigment dissolved the plasma Eudistylia 
gigantea chlorocruorin. The a-band 602-605 (Table agrees completely 
with the data given Fox (1925) and Roche and Fox (1933), although the 
present data shows the shifted toward the violet end the spectrum 
about 6-7 compared with the position the given the above- 
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mentioned workers. The principal band the reduced chlorocruorin from 
Eudistylia has peak 577-580 whereas the data Fox (1925) for Spiro- 
graphis place about 574 my. 

The results obtained from intermedia are surprising. the outset 
there was reason suspect that absorption curve agreeing approximately 
with that obtained Kobayashi (1932) from Molpadia roretzii, and indicating 
erythrocruorin, should not obtained. Instead, Figures and indicate, the 
bands for both the oxidized and reduced pigment are shifted toward the red end 
degree even greater than the case chlorocruorin. The a-band 
intermedia occurs further toward the red than the corresponding band for 
while the band the reduced pigment intermedia 
further toward the red than also significant note 
that the span between the and other sea cucumbers (Table 
whereas the corresponding span Molpadia intermedia about 
These differences appear too great accountable errors measure- 
ment the usual species differences that are known occur. The spectrum 
the pigment from Molpadia intermedia does not agree with the spectrum hem- 
erythrin, the red pigment found certain Gephyrean worms well the 
polychaete, Magelona (Marrian, 1927). must concluded that either this 
represents the true absorption spectrum heme pigment (if heme pig- 
ment) characteristically different from either erythrocruorin chlorocruorin, 
that unrecognized conditions cause shift the bands from the typical positions 
erythrocruorin. The onset war resulted the sudden interruption the 
investigation this point that this final question must remain unanswered till 
later date. thorough examination the crystallized pigment chemical well 
spectroscopic means should made before the existence new pigment 
can accepted. 


SUMMARY 


spectrometric examination the green pigment dissolved the plasma 
the tube worm, gigantea, and the red pigment the corpuscles the 
sea cucumbers, Cucumaria miniata and Molpadia intermedia, has led the follow- 
ing conclusions. 

The green pigment Eudistylia appears chlorocruorin. the oxi- 
the reduced condition main band occurs with second band sug- 
gested 540 

The red pigment Cucumaria appears erythrocruorin. the oxidized 
state a-band 580-581 and 544-545 are seen. When the 
pigment reduced band appears well one 530-532 mu. 

The red pigment Molpadia, when oxidized, possesses band 611-615 
and another 568-570 the reduced condition band 588 evident. 
This spectrum does not agree with the spectrum either chlorocruorin 
erythrocruorin. The new spectrum may indicate the existence another pigment 
with the ability combine reversibly with oxygen. 
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GUSTATORY REJECTION THRESHOLDS FOR THE LARVAE 
THE CECROPIA MOTH, SAMIA CECROPIA (LINN.) 


HUBERT FRINGS 


Biological Laboratories West Virginia Wesleyan College, Buckhannon, West Virginia 


INTRODUCTION 


Dethier (1937, 1939) and Eger (1937) have far conducted the only studies 
gustation lepidopterous larvae. Dethier, interested localizing the gusta- 
tory receptors and gustatory acuity and its relation host selection cater- 
pillars, has determined acceptance thresholds for certain sugars 
thresholds for hydrochloric acid for number species. Eger, chiefly 
determining the modalities taste for caterpillars, has determined acceptance 
thresholds for some sugars and rejection thresholds for hydrochloric acid, sodium 
chloride, acetic acid, quinine hydrochloride, and saccharine. concludes that 
there are probably only two modalities for caterpillars—acceptable and unaccepta- 
ble, but admits that his data offer definite proof for this. The following ex- 
periments were undertaken add more information that already existing this 
little known field. 


MATERIALS AND METHODS 


The larvae Samia cecropia used the following experiments were reared 
from single group eggs laid gravid female captured the early summer, 
the food plant being the (Platanus occidentalis). They were first 
confined large jar and fresh leaves were added needed, but later they were 
put individual branches and numbered marking with drops colored paint. 
All the animals used the experiments described below were the last instar. 

Rejection thresholds were determined, without disturbing the larvae, placing 
drops test solutions the leaves the animals fed. Since the caterpillars eat 
leaves very orderly fashion, easy place drops that they are reached 
them within very short time, usually about seconds. Drops were 
placed the leaves from small, new and carefully washed artists’ brushes kept 
the test solutions. definite attempt was made have the drops nearly the 
size possible, but the importance this doubtful, for the larvae ordinarily 
ate on, undisturbed, below their thresholds and reacted almost immediately upon 
contact when the solutions were concentrated enough bring about rejection. 

The test solutions were prepared from C.P. chemicals, unless otherwise noted, 
using volumetric apparatus, and all tests were run within three hours after the 
solutions were prepared. The following chemicals were used, the concentrations 
prepared being given parentheses after each: sucrose (2M, 1M, 0.5M), glucose, 
U.S.P. (2M, 1M, 0.5M), lactose, U.S.P. (1M, 0.5M), strychnine sulfate, U.S.P. 
(saturated solution), hydrochloric acid 0.075N, 0.050N, 
acetic acid 0.2N, 0.1N, 0.075N, 0.050N), sodium hydroxide 
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0.2N, 0.1N, 0.075N, 0.050N), sodium chloride (2N, 1N, 0.75N, 0.50N, 
lithium chloride (4N, 2N, 1N, 0.75N, 0.50N), calcium chloride (1N, 
0.75N. 0.50N, 0.25N, 0.10N), ammonium chloride (1N, 0.75N, 0.50N, 0.25N. 
and potassium chloride (1N, 0.75N, 0.50N, 0.25N, 0.10N). 

There was particular order which these solutions were presented the 
individual larvae. Since tests could carried only during feeding, was found 
convenient use three four solutions simultaneously with all the caterpillars, 
testing the animals, whenever they fed, with the various concentrations. Thus 
there was chance for associations built the caterpillars through con- 
sistent use ascending descending orders concentrations. Each the 
thresholds was determined least three times for each the caterpillars, and, 
most cases, was determined five six times, the greatest number for any individ- 
ual being nine times. Acceptances are easy determine, because the animals eat 
three four “cuts” through the drop their feeding. Rejections are usually 
equally sharp, because the caterpillars stop feeding immediately upon touching the 
drop, withdraw and start feeding elsewhere. was possible, therefore, although 
only twelve specimens were used, make accurate determinations for these solu- 
tions under these conditions. 

The temperature the laboratory was 23° and the relative humidity per 
cent throughout all the work. Ordinary daylight entering the windows was the 
source illumination. 


RESULTS 


There were rejection thresholds for sugars for strychnine sulfate, the 
larvae eating the most concentrated solutions these offered them. The 
thresholds for acids and salts used these experiments are given Table 


TABLE 
Substance Range Mean Tae 

KCl 0.2 0.45 +.05 2.2 
NaCl 0.89 +.1 1.1 
0.2 -0.9 0.61 +.05 1.6 

0.72 


the column headed, “Range,” are the lowest and highest thresholds dis- 
covered for the group; this does not imply uniform distribution between these two 
extremes, but gives some indication the individual variations. the column 
headed, are the mean threshold normalities and the standard errors 
these means (probable errors would .6745 times the standard errors). the 
column headed, are the reciprocals the thresholds, these figures 
used below indicative stimulative efficiencies. 
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Thresholds were calculated follows. The two critical concentrations—that 
is, the pair concentrations, the lower which was accepted, the higher 
were determined for each larva. Obviously, the true threshold lies between these 
two, and, for statistical purposes, was assumed that the threshold lay midway 
between them. Thus, larva accepted 0.25N and rejected 0.50N, the threshold 
assigned was 0.38N, between 0.50N and 0.75N, the threshold assigned was 0.63N. 
Since the second digit cannot interpreted literally such system, these thresh- 
olds are designated the table 0.4N and 0.6N respectively, only the means being 
given the second place. 

While the validity using the midpoint betweeen the two critical concentra- 
tions the threshold for individual animal can questioned, certain supple- 
mentary observations and considerations made appear permissible use this for 
the calculation means. Thus, most the animals readily ate through the drop 
lower concentration and stopped clearly reaching the drop higher con- 
centration, indicating threshold the middle range between the two. few, 
however, hesitated the lower concentration before continuing with feeding and 
reacted violently the higher, drawing back sharply and often ceasing feeding for 
time, indicating threshold near the lower concentration. Others ate readily 
the lower concentration and only hesitated first the higher, made 
few tries eating it, but finally stopped and usually simply moved short distance 
away the same leaf, indicating threshold near the higher concentration. Since 
these latter two cases seemed equal occurrence, with the majority rejec- 
tions the first type described, seemed fair, for purposes calculation means 
for the group used for comparative purposes only, assign the midpoints 
between the critical concentrations the thresholds for the individuals, the 
group, without implying that these represent true thresholds for any the 
individuals. 


Sugars and strychnine sulfate 


Since there were rejection thresholds for sugars for strychnine sulfate, 
conclusions can drawn concerning the ability the caterpillars taste these 
substances. must recognized that failure rejection does not imply that the 
animals cannot taste these compounds, just rejection thresholds not measure 
the lowest concentrations that can tasted. me, sycamore leaves tasted almost 
bitter the strychnine solution, and, since these larvae feed many species 
trees, would seem logical that their rejection threshold for bitter substances would 
high. Dethier (1937) has shown definitely that caterpillars this species can 
taste glucose and sucrose, but used acceptance thresholds his work. 


Acids 


The acid thresholds here given are higher than those given Dethier and Eger, 
but that expected, for the acids their experiments were offered drops 
water, while this case there was some mixing the acids with the food. 
the solution hydrochloric acid corresponding the mean rejection thresh- 
old normality 1.2, while the the solution acetic acid the mean rejec- 
tion threshold normality acetic acid, for man, much more 
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effective stimulating agent than hydrochloric acid the same pH. The ratio 
for this species which compares favorably with Eger’s (1937) report for 
another species ratio averaging about 23:1. This ratio comparable that 
for humans (28:1), and Eger suggests that indicates similarity the buffer- 
ing capacities the salivas the two species. further, however, suggests 
similarity action both, and may indicate sensitivity ion these 
caterpillars corresponding the sour taste humans. 


Salts 


The order relative stimulative efficiencies, measured the reciprocals 
the normalities the rejection for the various cations, chlorides, gives 

This series can verified further checking the orders for the twelve in- 
dividuals determine how many cases any specific cation has equal, greater, 
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LIMITING EQUIVALENT IONIC CONDUCTANCES 


Showing the relationship between the stimulative efficiencies the cations, 
chlorides, and their limiting equivalent tonic conductances Mhos 25° Values for the 
latter are from Gucker and Meldrum (1942). 


lesser stimulative efficiency than any other cation. Using this method, 
NH, (K* individuals. This indicates that and are 
equal stimulative efficiency. Comparing and with the following 
have greater stimulative efficiencies than and further confirm their equality. 
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more stimulating than all cases, thus verifying their position 
above shows the greatest variation position. Comparing with 
All these individual orders considered together indicate the same arrange- 
ment that found using the mean thresholds, namely: 


LIT 


THRESHOLD NO 


100 200 300 
LIMITING EQUIVALENT IONIC CONDUCTANCES 


Showing the relationship between the stimulative efficiencies and the limiting 


equivalent ionic conductances Mhos 25° certain ions. The slope taken de- 
termined the metallic ions. Values for the conductances are from Gucker and Meldrum 


(1942). 


Hopkins (1932) has tabulated the discoveries numerous investigators con- 
cerning stimulative efficiencies various cations and anions. The order shown 
the case the caterpillars Samia cecropia here used similar that discovered 
for other species animals. This suggests some basic chemical physical rea- 
son for this order. Hopkins relates the order cations for the oyster, which 
studied, the atomic weights and atomic the present case, there 
obvious relationship between ionic weights and stimulative efficiences, but Figure 
shows the close agreement between the stimulative efficiencies the cations, 
determined the reciprocals the normalities the rejection limens, and their 
limiting equivalent ionic conductances which are directly proportional the ionic 
mobilities, fact, have sometimes been called mobilities. Since the chloride ion 
the anion all cases, impossible determine its relative stimulative effect, and 
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is, therefore, disregarded this plot, since, whatever its efficiency, constant 
for all substances tested. 

These relationships suggest common mode action, and possibly common 
modality taste, for all the cations tested. Since, however, this same order 
found for man for K*, and and has taste easily distinguishable 
from NaCl LiCl, this conclusion not warranted without further evidence. 

Sodium hydroxide shows much greater stimulative efficiency than any the 
other salts used this work, thus indicating that the ion the critical one 
its effectiveness, since some measure the efficiency the Na* ion given the 
stimulative efficiency NaCl. Comparison the data for NaOH and shows 
that the ion much less stimulating than the ion. 

Figure shows the extrapolation the graph, stimulative efficiency vs. limiting 
equivalent ionic conductance include and H,O*. The value for the stimu- 
lative efficiency the ion approximated subtracting from the stimulative 
efficiency for NaOH the stimulative efficiency for NaCl, assuming thus that most 
this due the Na* ion. This shows that there possibility that and 
fall the same series. That they are apparently lower stimulative ef- 
ficiency than needed for perfect “fit” the graph would expected from the 
fact that the solutions containing them were mixed with the protoplasm the 
leaves and with the saliva the caterpillars, both which are buffered. This 
might mean that there only “unacceptable” modality taste for all these sub- 
stances, Eger (1937) suggests, but this cannot decided without further evi- 
dence. The and ions, the case man, show high stimulative 
efficiency when compared with other anions and cations, and stimulation the 
ion, least, admitted the important factor the sour taste, op- 
posed the salt taste the metallic chlorides. 

all, these results can only taken suggestive and indicative need for 
much more extensive and careful work the gustatory responses animals 
more than the usual NaCl testing the salt taste. 


SUMMARY 


Rejection thresholds for NaOH, NaCl, 
and LiCl, presented drops solutions leaves the food plant, were de- 
termined for caterpillars the cecropia moth, Samia cecropia. Rejection thresh- 
olds for glucose, sucrose, lactose, and strychnine sulfate either not exist under 
these conditions, are higher than the saturation concentrations solutions 
these substances. The lowest threshold those tested that for but 
CH,COOH has greater stimulative efficiency when compared with 
the same pH. The threshold for NaOH higher than that for indicating 
that the ion less stimulating than the H,O* ion. The order stimulative 
the order ionic mobilities which the stimulative efficiencies seem 


related. conclusions can drawn with certainty yet regarding the modali- 
ties taste for these animals. 


Modern Acid-Base concepts require that NaOH considered salt. 
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BACKGROUND ILLUMINATION FACTOR THE ATTACH- 
MENT BARNACLE CYPRIDS 


JAMES GREGG 


University Miami Marine Laboratory, Centro Research Laboratories, and the University 
Alabama 


INTRODUCTION 


Various authors, following Visscher (1927), have shown that certain species 
barnacles attach greater numbers darker surfaces. McDougall (1943), 
means experiment designed test the effect varying degrees illumina- 
tion, demonstrated that larvae Balanus have tendency settle most 
abundantly upon collectors placed less brightly illuminated areas. Pomerat 
and Reiner (1942) showed that Balanus eburneus larvae attach more readily 
black rather than opal panels when they are exposed the sea for several days. 
These investigators also observed that when light minimum, during the hours 
darkness, the differences not occur but that attachments are remarkably 
similar light and dark panels. This suggested that attachment darker panels 
during daylight phototropic response the contrasting effect dark surfaces 
against lighter general surroundings. The purpose the present study was 
investigate whether fact, contrasting surroundings are effective promoting 
attachment. further objective was the determination the maximum distance 
which the degree illumination background surface effective influenc- 
ing attachment transparent surfaces. 

The experiments were conducted the Pensacola, Florida laboratory the 
Fish and Wildlife Service the kind permission Dr. Hopkins 
during the summer months June, July, and August, 1942. Acknowledgments 
are also due Dr. Pomerat for his generous advice, and Dr. Walton 
Smith, Director the University Miami Marine Laboratory, for assistance 
preparing the paper and evaluating the results. 


EFFECT CONTRASTING BACKGROUNDS 


the experiments designed determine whether contrasting surroundings 
influence cyprid attachment, provision was made for base plates black, trans- 
parent, and opal Carrara glass plates 10” 12” size. Upon each these were 
mounted 10” black and opal Carrara glass collecting panels, such way 

The plates were supported wooden frame. The glass bases were arranged 
one inch apart and the paired black and opal collectors were separated two 
inches. Thus, series contrasts was offered between the pairs black and 
opal plates and the three surrounding borders black, opal, and transparent glass. 
The barnacles were counted following attachment upon the collectors, each 
which offered exposed area sq.in. the locality where the investigations 
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Transparent Base Opal Base Black Base 


Black 
Collectors 


Opal 
Collectors 


Arrangement black and opal collectors upon black, opal, and transparent bases. 


were carried out the adults Balanus were the most commonly 
found, and all attachments were assumed belong this species. 

The apparatus for the first series experiments was lowered into the sea with 
the plates vertical position mean depth three feet from the surface. Six 
successive experiments were conducted with average duration hours. 
the end each period the paired plates were removed and washed gently with fresh 
water remove salt crystals and silt. Counts were then made the cyprids and 
the metamorphosed barnacles, with the results shown Table 

Further experiments were conducted with the plates exposed horizontally, 
order collect attachments the lower surface. The mean depth the plates 
below the surface the sea was seven feet. Five experiments were conducted, 


TABLE 


Barnacles attaching vertical collectors with borders varying contrast 


| Black collector Opal collector 
Experiment Borders Borders 
| Transparent Opal Black Transparent | Opal Black 
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TABLE 


Barnacles attaching horizontal collectors with borders varying contrast 


Black collector Opal collector 


Date 
Experiment ot Borders Borders 
exposure 


Opal Black Opal Black 


with exposure periods varying from 120 hours. The results are shown 
Table 

Upon horizontal and vertical black collectors and regardless the nature the 
surroundings, greater attachments occurred upon the black collectors compared 
with the opal. The total number organisms all black horizontal collectors 
amounted 9855 compared with total 3272 for opal horizontal collectors, 
giving opal distribution ratio 3.0. The total populations black and 
opal vertical collectors were 2607 and 926 respectively, giving ratio 2.8. These 
ratios, though greater, qualitatively substantiate the findings Pomerat and Reiner 
(1942) whose ratio for attachment numbers upon black and opal collectors was 


1.8 (Table IIT). 


TABLE 


Total number barnacles black and opal collectors 


Black collectors 


Black collectors Opal collectors Ratio - ——— 
Opal collectors 
Horizontal 9855 3272 3.0 
Vertical 2607 926 2.8 


Attachments black vertical collectors did not vary greatly with the type 
surrounding, but were least the case the transparent border (Table With 
black collectors, borders black, transparent and opal, this order, afford in- 
creasing contrasts. Had the contrast been effective, greater attachments should 
have occurred upon collectors with the opal and transparent borders rather than 
with the black border. Attachments upon black horizontal collectors also failed 
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show significant differences when the three were employed, 
although they were least the case transparent border (Table 

The frequencies attachment upon vertical opal collectors did not show any 
correlation with increasing degree contrast but were similar all instances 
(Table horizontal opal collectors gave somewhat different results (Table 
this series experiments the greatest attachments were found the 
collectors with the black borders. The least numbers, however, were observed 
collectors with transparent borders and intermediate attachment frequency occurred 
with opal borders. these experiments the least degree contrast was offered 
opal surroundings similar material the collectors and the greatest degree 
black surroundings which afforded the minimum possibilities transmitted and 
reflected light. There was not, therefore, consistent correlation between the 
intensity attachment and the degree contrast between collector 
roundings. 

attempt explain the results, the question variation the general 
intensity illumination the panels may considered. The amount 
transmitted and reflected light was greatest around horizontal opal collectors with 
transparent surroundings. The reflected light which alone fell below opal collectors 
with the opal borders was less intense than the light the former case and was 
under this condition that frequency attachment was found increased. The 
opal collectors with black borders, which reflected the least light the three types 
surrounding were found have the greatest attachment. Thus, with the de- 
crease general illumination beneath opal collectors, there was increase 
attachments, and appears that attachment frequencies are here related the 
degree shading under the collectors caused the opacity and reflection 
the surroundings. 

The horizontal black collectors were found have distinctly greater attach- 
ments when combined black border. They also showed least attachments 
with clear border. The black collectors, therefore showed correlation, not with 
contrast but rather with the degree shading which maximum where both 
collector and surroundings are black. 

the case both black and opal vertical collectors, the shading effect the 
border less pronounced, due the fact that much the light enters the water 
more less vertical angle. The hypothesis that general shading stimulates 
attachment would fit with the observed facts about attachments these series. 
The difference the amount light reflected black opal collectors 
more significant than that reflected the relatively small borders, and hence 
accounts for the relatively small differences among attachments black collectors 
with different surroundings among attachments opal collectors with varied 
surroundings. The differences attachments the two types collector 
with each surrounding are relatively greater. 


Distance Wuicu ILLUMINATION EFFECTIVE 


The equipment designed for the question determining the maximum distance 
which black opal surfaces are effective stimulating cyprid attach con- 
sisted wooden frame 30” long, 32” wide, and 12” high. This frame supported 
vertically two transparent glass plates. Behind the first glass plate was mounted 
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black plastic panel such manner that might moved varying distances. 
The second transparent glass plate without any backing was used the control. 
second series transparent glass plates the opposite side the frame were 
treated the same manner with the exception that opal plastic panel was used 
instead black one. The movable black plastic panel and the movable opal 
plastic panel were set increasing distances from the clear panel for successive 
experiments. Each transparent glass plate from which the barnacles were counted, 
offered sq.in. surface area. They were exposed mean depth three feet 
from the surface for average duration hours. the successive experi- 
ments the black and opal plastic movable panels were placed 2”, and 
behind the transparent collectors. 

The results (Table show general decline the attachments the glass 
collector the black movable plate was moved away. The maximum distance 


TABLE 


Attachment barnacles transparent panels with movable backgrounds 


sae | Movable Control Movable | Movable | Control Movable 


background from | 
| black transparent opal | transparent 


Control 


inches 2998 3.9 1258 


inches 35: 835 


inches 


inches 


which influenced attachment, determined comparison with the control, was 
between four and six inches. The same general decline population was noted 
for the opal plates although the maximum influencing range was greater than six 
inches. Since attachment influenced the movable panels distance, 
obvious that the light reflection the actual collecting surface not the principal 
stimulating factor. The facts are more readily explained assuming that the 
intensity general illumination the vicinity the collector the important 
factor and that where this reduced the proximity black backplates greater 
attachment occurs. Decreasing distances the opal backplate, while giving 
superficial appearance increased light intensity, probably succeed blocking the 
light passing through the collecting panel. Thus increased attachment under these 
conditions may still due decreased general illumination. 

These general conclusions agree with the results the contrasting background 
experiments described the first part the paper where relationship appeared 
exist between the number attachments and.the amount shading caused 
the type background employed. The decreased intensity illumination the 
general vicinity the collector, opposed the conditions im- 
mediately upon the collector itself may increase attachment causing response 
the cyprid. This response the nature conditioning towards subsequent 
attachment, the development physiological state favoring subsequent 
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attachment response contact stimulus. The possibility tropism not 
supported the contrast experiments. 

the light the above conclusions may interesting recall the experi- 
ments Schallek (1943) and Whitney (1941) who maintain that directional light 
not any great degree present under natural aquatic conditions but that condi- 
tions diffuse light almost invariably predominate. This diffuse light natu- 
rally occurring phenomenon, whereas light from any one direction may not pre- 
dominate sufficiently for tropism occur. 


SUMMARY 


Experiments were conducted determine the effect contrasting surround- 
ings upon the frequency attachment Balanus eburneus larvae opaque black 
and opal glass collecting surfaces. Further experiments were carried out 
determine what extent the number attachments transparent collectors was 
influenced black and opal backgrounds placed varying distances. 

Greater numbers attachments occurred upon the under side horizontal 
rather than vertical, and upon black rather than opal collectors, thus confirming 
the observations previous authors. 

correlation was found between the degree contrast shown the 
collector and surroundings, and the frequency attachments. 

Both black and opal surfaces were found increase frequency attach- 
ment when placed behind transparent collectors distances six inches. 

definite dependence was found exist between the frequency attach- 
ment and decrease the intensity general illumination the area immediately 
beneath horizontal opal collectors. Similarly, the influence 
grounds appeared the nature shadow effect. suggested that 
“shading” acts stimulus which brings about favorable physiological conditions 
for the subsequent attachment barnacle larvae and that the amount light 
reflected from the collecting surface only important insofar affects the 
general “shading” the vicinity. 
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THE CONDITIONS THAT LEAD NORMAL ABNORMAL 
DEVELOPMENT CIONA 


MORGAN 


William Kerckhoff Laboratories the Biological Sciences, California Institute 
Technology, Pasadena, California 


earlier papers have discussed the problem normal versus abnormal de- 
velopment cross-fertilized eggs Ciona. was shown that external conditions 
sometimes influence the other times was not apparent that the abnormal 
development was due such conditions. However, critical series experi- 
ments evidence was found that the eggs are very sensitive what may called the 
“cleanliness” the dishes, i.e. either chemical organic contamination. 
Further experiments have been made find out whether internal factors may also 
concerned with abnormal development the eggs. 

Ciona particularly favorable type for study this problem. The eggs, 
soon they are mature, leave the ovary and accumulate for hours longer 
the oviduct. The germinal vesicle has disappeared and the polar spindle comes 
lie the pole the egg. The polar bodies are not given off until spermatozoon 
enters the egg, i.e. after the eggs have been set free the sea water. This may 
happen every hours delayed for several days. Spawning occurs early 
the morning. not ejected the regular time the eggs may accumulate the 
oviduct very large numbers. When the animals are brought into the laboratory 
and kept running sea water, sea water that aerated stream air 
bubbles, the Cionas may hold back their eggs for several days. has been shown 
that these delayed eggs may give rise normal embryos, but has not been shown 
clearly that the percentage abnormals may not increased. Fresh eggs removed 
from the oviduct and kept for long hours covered dishes shallow sea 
water can cross fertilized and may give normal embryos. 

The sperm are matured the tubes the testes that ramify over the walls 
the intestine the region the outlet the ovary. The ripe sperms pass into 
the long sperm duct that runs parallel the oviduct. Only ripe sperms are present 
the sperm duct, and some them are set free when the eggs are ejected. When 
the eggs are collected puncturing the oviduct, only mature eggs are set free, and 
likewise only ripe sperm comes out when the sperm duct cut across. most 
other marine animals, whose eggs are used for experimental purposes, one apt 
get ripe and unripe eggs when the ovary opened. The uniformity the eggs 
from the oviduct Ciona simplifies the experiment. 

another respect, also, Ciona offers favorable material for study normal 
versus abnormal development. well known that polyspermy often plays 
significant note laboratory experiments, unless carefully guarded against. 
Ciona, polyspermy also occurs after cross-fertilization, but very rare and will 
account for only small percentage abnormality. can easily detected 
the two-cell stage when the egg divides into four more parts polyspermic. 
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Even cases where much abnormality occurs, have found, watching the 
cleavage, that polyspermy was not the main agent the results. 

Concerning the kind abnormalities that not much can said. For 
convenience have recognized three classes; (1) Normals, (2) Abnormals, and 
(3) Bent (or twisted) embryos. The abnormals are those that have not gone 
beyond early stage development. They are usually the egg membrane and 
are spherical with one two black specks. The twisted bent are later 
stages development, usually out the egg membrane. The tail present and 
crooked bent, sometimes still coiled loosely irregularly about the body. There 
are overlaps between the three different types. All three are generally found 
the same dish, but the external internal conditions that produce each kind are not 
known. safe assume, however, that polyspermic eggs not pass beyond 
the earliest stages development, but external conditions may also stop the de- 
velopment early stages. 

Normal and Abnormal Development Reciprocal Crosses 

test what extent the ratios normal abnormal development are due 

(genetic?) factors due environmental conditions, further experi- 


ments were made May 1944. Not only were reciprocal crosses made, but 
samples the same eggs were crossed with three different sperm suspensions. 


TABLE 


The percentage normal embryos resulting from reciprocal crosses. The small numbers 
under the percentages represent, from left right, the numbers normal, bent, and abnormal 
embryos. The bent embryos have been left out account calculating the percentages. 


148 12608 132 eggs 


177 eggs 


Some the eggs were distributed three dishes (horizontal lines, Table 
I), also some the eggs and each three dishes. These were cross- 
fertilized with sperm and Two drops sperm were added each dish, 
and the normal, bent, and abnormal embryos recorded after hours. 

The eggs and had been put into three dishes each (horizontal lines) 
before the sperm the same animals, and had been removed cross- 
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fertilize the eggs Then two drops the sperm suspension 
and were added the and eggs. These crosses are the reciprocals 
the preceding ones. 

calculating the percentages, the bent embryos were left out account. Most 
them were nearly fully developed that they might classified with the normal, 
rather than with the.abnormals. The bent embryos overlapped those abnormal 
embryos that were fairly well developed. The bent embryos would not have 
affected the percentages any great extent half them had been combined with 
the normals and half with the abnormals. 

shown Table the percentages normal embryos resulting from crossing 
eggs sperm, sperm and sperm are very different (52, 0%). This 
holds also for eggs and eggs the same sperm. other words, the results 
are different for the different combinations, and not consistent either for the eggs 
for the sperm. 

The reciprocal crosses are shown above the same Table Comparing them, 
there seen agreement the other words, the reciprocals 
are more likely alike than other crosses. Before discussing these results, 
another similar experiment will described that was made the next day with 
Cionas brought Pasadena 

This experiment was carried out the same way the last, except that 
addition the reciprocals, three more dishes and eggs were set out and 
crossed with sperm from three other viz. and These serve give 
further data for the same eggs with different sperm. The reciprocals 
were not made. Comparing the reciprocals the first three tests, and 
each set are more like each other than are the sperm tests and and also more 
like each other than the first experiment, but still not the same inter se. The 
eggs were much fewer than the others and produced relatively much smaller 
numbers normals. 

comparison the three kinds eggs, and each with the six kinds 
sperm, shows that there are wide differences the percentages (Table IT). 
Since the environment was nearly the same possible, may seem follow 
that the differences are due internal factors some kind, possibly genetic 
origin. 

Why are the reciprocals often The diploid eggs are presumably 
all genetically alike each Ciona before fertilization, but after the polar bodies are 
extruded, the eggs become haploid, and should give many kinds eggs there 
are combinations the six pairs chromosomes (excluding the possibility 
larger number due crossing over). amongst these combinations there are 
certain combinations that might give abnormal development—lethals, 
might seem that the chances are about the same the cross and its reciprocal. 
other words, even with many lethal factor combinations, any differences 
reciprocal ratios would only due chance, unless the cytoplasm the diploid 
egg involved the situation. 

There are several more less probable hypotheses that suggest themselves, 
and some these may may not have some connection with the theory 
sterility for, certain classes should eliminated, those that remain and 
produce normal tadpoles might, theoretically, the ones that carry factors for 
self-sterility. 
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examination the data from the dishes the same eggs (horizontal lines 
Table each fertilized different sperm, show very great differences most 
cases the percentages normals abnormals. Occasionally, however, set 
gives very low values (Table eggs (a), (b), (c) sperm) very high ratios 
(Table II, eggs (a), (b), (c) sperm. Also examination the ratios 
the same sperm used fertilize three different lots eggs shows sometimes high 
percentages all three dishes (Table II, (d) sperm eggs) and other 
times low percentages all three dishes (Table (g) sperm eggs). 
the other hand there are cases where each the three sets eggs, and also each 
the three sets sperm, show great differences the ratios. 

the data are significant, i.e., the differences are not due infection the 


TABLE 


The percentages normal embryos resulting from reciprocal and one way crosses. The 
small numbers under the percentages represent, from left right, the numbers normal, bent, 
and abnormal embryos. The bent embryos have been left out account calculating the 
percentages. 


dishes, these results show that the outcome due neither the eggs alone nor 
the sperm alone, but the combinations found the time fertilization. 

this connection there are some further considerations taken into account. 
The cytoplasm the eggs has developed under the influence the diploid set 
chromosomes. the constitution this cytoplasm determines whether the de- 
velopment will normal abnormal, then the eggs one individual might 
expected develop the same way irrespective what kind sperm fertilizes 
the eggs. the other hand, after the extrusion the polar bodies, the haploid 
egg nucleus may have very different make-up from the original diploid nucleus. 
But not likely that this haploid nucleus can affect change the constitution 
the cytoplasm the very short time before combines with the sperm nucleus 
form new diploid nucleus, whose products carry throughout the following 
development. From the evidence discussed above might seem, therefore, 
that whether the development normal abnormal will depend whether the 
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combination the two haploid genetic chromosome groups are harmonious not 
their action the cytoplasm. the cytoplasm indifferent, then reciprocal 
crosses should give the same ratios, but since they not so, may seem 
follow that the cytoplasm, which has developed under the influence the diploid 
egg nucleus, one the factors determining whether normal abnormal de- 
velopment takes place. This conclusion would mean that certain kinds combina- 
tions are being continually eliminated. But would not necessarily 
these have anything with cross and self-fertilization the combinations that 
survive. However, experiments that will described later make probable 
that the differences the dishes reviewed this experimnt are due external 
factors, such toxic infection, and are not due inherited cytoplasmic differences 
the eggs. 


Test for Polyspermy and Abnormal Development 


Five new sets experiments were made (Table test whether the 
abnormals that appear frequently are due polyspermy, although had often been 
recorded that the division the eggs once into four (or more) cells only very 
rarely occurs. Forty, drops sperm suspension were added eggs 
Syracuse dishes. one hour the supernatant fluid was changed fresh sea 
water. Reciprocal crosses were made all cases. the table shows, Table III, 
the relative number normals abnormals was lower after drops than after 
drops sperm suspension. Evidently polyspermy not the cause abnormal 
development. There are several striking exceptions the general results. One 
18-19, 1944), gave after drops almost all abnormals (328), although 
after drops nearly all were normal. Again (June 19-20, one 
case after drops all were abnormal and the reciprocal after drops 
all were abnormal (199), although after and drops nearly all were normal. 
another test (June 18-19), normals greatly predominated. another 
(June 18-19), all were abnormal after drops, but normal after and 
after drops sperm suspension. another lot (June 17-18), and 
there were two cases where there were more abnormals than normals. These ap- 
parently contradictory results can only explained the assumption that the 
dishes were some way responsible for the abnormal developments. 


Delay Fertilization and Abnormal Development 


Whether not delay fertilization causes abnormality after eggs and sperm 
have been kept sea water was tested. The results are recorded Table IV. 
The eggs three individuals were distributed amongst six dishes. Then the eggs 
were fertilized drops the sperm suspension and once, and 
after hour and two hours. Similarly the eggs were fertilized the sperm 

normals were produced fertilizing once, and after one hour, 
but nearly all abnormals after two hours. This true also for but 
after one hour, but fertilization after hours. Perhaps the most striking re- 
sults are and that gave normals once and after delay one 
hour, but abnormals after two hours, but this did not happen two other cases. 
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Either the sperm the two latter cases was less affected the delay, there was 
some kind difference the dishes themselves. The irregularities this experi- 
ment could only accounted for the assumption infection some the 
dishes. The test was repeated (Oct. 14, 1944) with the eggs new Cionas 


TABLE III 


The effect density insemination reciprocal crosses the proportions normal 
tadpoles, bent embryos, and abnormal embryos. 


(June 18-19, 1944) 


A! by b! Tad Bent | Abn. B! by a! Tad Sent Abn. 


(June 19-20, 1944) 


A? by b? Tad Bent | Abn. B? by a? Tad } Bent Abn. 


(June 1944) 


A’ by b Tad Bent Abn. B* by a? Tad | Bent Abn. 


(June 18-19, 1944) 


At by bt Tad Bent Abn. B+ by at Tad | Bent Abn. 


(June 1944) 


B® by a® | Tad Bent Abn. 


A} by b Tad | Bent | Abn. 
drops 116 2drops 191 278 


Corona Del Mar, and transferred Pasadena autoclaved flasks stenders. 
Five the lots fertilized once, gave 99.9 per cent normals; one 
gave per cent normals. After hours gave 99.9; one normal 
and the rest unfertilized; gave 0.5 per cent normal and the rest unfertilized. 
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TABLE 


The effect delaying insemination reciprocal crosses the proportions normal, 
bent, and abnormal embryos, and unfertilized eggs. 


N Bent Abn. | Unfert.] N Bent Abn. Untert 


| | 
| | 


gave per cent normals and per cent unfertilized; were all unfertilized. 
Reciprocally once was, oversight, not fertilized; but after hours 99.8 
per cent, and after hours 100 per cent were normals. once gave 99.9 
per cent normals; hours 99.9 per cent normals; and after hours 100 per 
cent normals. once gave 100 per cent normals; after two hours 99.9; 
and after three hours none were fertilized. 

Another test the same sort gave much the same kind result. The dishes 
had been boiled. The percentages normals was not high, but there was 
evidence more abnormals after one hours. 

These tests make quite clear that delay fertilization hours does not 
itself cause abnormal development. The irregularities shown Table may 
safely ascribed infection the dishes. fact other tests have shown that 
eggs may kept sea water for hours, and, fertilized with fresh sperm 
produce normal tadpoles. 


Eggs Fertilized Masse and Distributed Two-Cell Stage Separate Small 
Dishes 

The exceptional cases, which most all the eggs developed abnormally 
whereas others treated the same way developed normally, suggested that some 
environmental conditions were responsible for the abnormals. The following ex- 
periments were made further test this suggestion. Eggs were collected from 
the oviduct large clusters, and then drawn pipette and transferred 
finger bowls with about cc. sea water. They were cross-fertilized with 
drops sperm suspension. After about one hour, when the two-cell stage was 
reached, about 100 were picked out with pipette and put into several small dishes 
flasks where they remained for about hours, and were then classified. The 
eggs the two-cell stage should nearly alike the whole, and any difference 
observed should environmental. shown Table there were found some 
dishes that gave high percentage abnormals. would seem follow that the 
differences are due the environment rather than internal factors. 
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NORMAL ABNORMAL DEVELOPMENT CIONA 


especially noted that the eggs left the finger bowls with more water gen- 
erally gave nearly 100 per cent normals. The larger volume water would 
expected dilute any contamination present the larger dish introduced with 
the eggs. 

Again, few eggs (about 100) the two-cell stage were picked with 
pipette drops) and each lot put into one five small flasks, and into five 
jars with cc. sea water. The flasks were stoppered and the jars had screw 
tops put them prevent evaporation. After twenty hours few drops 
formalin were added each, and the condition the embryos 
larly the eggs individual were crossed sperm counts were made 


TABLE 


The effect different glassware the proportion normal, bent, and abnormal embryos. 
Each the two reciprocal crosses was made single finger bowl, and eggs the two cell 
stage were pipetted into separate small dishes flasks, which they remained for about 


hours. 
A by b - N Bent Ab B by a N Bent Ab 
short 
bent 
short 
short bent 


the lots since practically all dishes contained either 100 per cent normal 
tadpoles, except one flask that had tadpoles, bent tadpoles, and abnormal 
embryos. There was evident differences between this dish and the others. 
Another experiment, similar the last, with fresh Cionas was made (Aug. 12, 
1944). Five Syracuse dishes (12 cc.) were used for some eggs, Stender dishes 
for other eggs, and small flasks for others. The dishes were left Corona del 
Mar, and formalin added each after hours. Reciprocal crosses were 
made. The fertilized eggs, not used, were kept finger bowls (covered) about 
cc. sea water. the finger bowls gave per cent normals and per 
cent abnormals. gave per cent normals. The records the smaller 
dishes are given Table VI. noticeable that while normals greatly pre- 
dominated, especially there are three striking exceptions where abnormals 
predominate, and other where good many abnormals were present. Since the 
controls—the original larger finger bowls—gave and per cent normals, the 
exceptional cases the smaller dishes must have been due contamination 
some kind. 
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TABLE 


The effect different glassware the proportion normal, bent, and abnormal embryos 
resulting from two reciprocal crosses. 


N Bent Ab N Bent Abn 


Another set tests was made with Syracuse dishes. The Cionas had been 
collected the day before and brought Pasadena. They were excellent condi- 
tion with many stored eggs and much sperm. The eggs were inseminated with 
drops sperm finger bowls cc. sea water. the two-cell stage about 
100 eggs were transferred Syracuse dishes. Most the dishes contained high 
percentage normals, but there were six dishes that contained nearly all ab- 
normals, and one that contained large excess bent and short embryos. 

the same lot, there were three dishes left uncovered that gave 
bent and 111 abnormal embryos; one half covered that gave normals, and 
bent and one covered that gave 153 normals and abnormal. The three similar 
reciprocals, gave nearly all normals. Since evaporation must have been 
greater those not covered, and partly covered dishes, than the covered dishes, 
and since some these gave normal, does not seem probable that enough evapora- 
tion takes place covered Syracuse dishes cause abnormal development (see 
below). The large number eggs kept the finger gave nearly all normals. 

Another experiment was made the same way (Aug. 21, 
fertilized finger bowls, the eggs the two-cell stage were distributed 
Stender dishes. Five lots gave nearly all normals, but one gave all abnormals, and 
two gave more abnormals than normals. the large number eggs left over 
the two finger bowls, one gave 100 per cent normals and the other 99.9 per cent 
normals. Obviously the conditions three the Stender dishes were unfavorable. 


Effect Evaporation the Sea Water Development 


One the possible influences that cause abnormal development might 
evaporation the sea water from the covered Syracuse dishes. 


test this, 
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NORMAL ABNORMAL DEVELOPMENT CIONA 
cc. sea water was evaporated the dishes slight extent before the eggs, 
that had been fertilized large volume water, were transferred the concen- 
trated sea water (Oct. 16, 1944). two autoclaved dishes that had been 
covered, but their volumes reduced only and cc. gave 100 per 
cent normals. Another dish, where the water had evaporated gave 
all twisted and bent embryos. another, evaporated cc., the eggs had 
remained cells after hours. general the water covered Syracuse 
dish reduced during hours about cc. shown these and 
other tests this amount reduction does not interfere with normal development. 
Hence, the irregularities observed the earlier experiments were not due 
concentration the sea water. 


Sterilization Dishes HCl 


Several tests duplicate were made. one Sept. 1944) the 
dishes had been sterilized with weak and washed distilled water and dried. 
There were eight that gave 100 normals, but two gave 100 per cent abnormals. 
Reciprocally, there were six that gave normals (90 100 per cent) and 
four that gave mostly abnormals. The high frequency dishes with abnormals 
may seem due the acid, but any was left after washing, should have 
evaporated when the dishes were dried (24 hours). Many eggs were left the 
finger bowls, and and each gave 100 per cent normals. Whatever 
the cause occasional abnormal development, appears that was not removed 
from all the dishes the HCI treatment. Either the itself was not entirely 
removed washing, else something else was left behind after the treatment 
that was later the basis contamination (infection) the dishes. The result 
accord with earlier experiments the same sort (Biol. Bull., 80, 1941, pages 
348-349). 


Sterilization Dishes Heat 


The records the preceding experiments show almost without exception, 
one more similarly treated dishes with abnormal embryos, while the rest contain 
only, largely, normals. Such exceptions occur even when the eggs have been 
transferred the smaller dishes the two- four-cell stage. The result suggests 
contamination infection some lots. Therefore, new set duplicated 
lots and reciprocals were tested dishes that had been autoclaved (120° C.). 
The eggs were collected from the oviduct such dish and transferred 
large flask (also autoclaved) and there cross-fertilized. the two-cell stage, 
100 eggs were transferred five flasks and five Stenders each, all. 
After hours, gave practically all normals, i.e. 100 per cent. The 
reciprocals all gave 100 per cent, except one lot that had per cent somewhat 
bent tadpoles and per cent normals. The eggs left over the large flasks 
gave per cent normals and one per cent bent, about two thousand all. 
the reciprocal, there were about one thousand normal tadpoles. 

Another experiment was made the next day with Cionas brought 
dishes were prepared above (autoclaved). The eggs were kept Syracuse 
dishes. They gave 99.9 per cent normals. The many eggs (about two thousand) 
large beaker (sterilized) also gave 99.9 per cent normals. 
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third experiment the same kind which the dishes had been boiled for 
short time instead autoclaved, gave nearly the same results. Most the 
dishes, (Syracuse) gave from 100 per cent normals; only one had 
per cent normals and per cent abnormals. The reciprocals gave 
five per cent normals; four, per cent, and one, per cent normals. 
One the large finger bowls (80 cc.) gave 99.5 per cent normals and 
0.5 per cent bent; the other gave only normals, bent and abnormals. 
evident that this finger bowl was contaminated, but the eggs that were 
removed from the two-cell stage and transferred the ten smaller autoclaved 
dishes with fresh sea water gave per cent normals. 

These sixty tests are very convincing that the cause abnormal development 
due some contaminating agent present the dishes, that develops there 
(bacterial action). Washing the dishes tap water and even rinsing them 
distilled water does not remove the source the contamination, while autoclaving 
the dishes effective. should recalled that most the earlier experiments 
the embryos after hours were killed weak formalin and the dishes allowed 
stand for several hours days, before washing them again tap water. They 
were then dried for day longer. Whether the formalin combined with some 
organic matter the dishes, whether the organic matter alone responsible 
for the contamination not shown these experiments. 

Another test was made (September 1944) with fresh Ciona 
Corona del Mar. The eggs were brought Pasadena autoclaved flasks and 
Stenders. Eggs had been fertilized large finger bowls (80 cc.), and transferred 
early cleavage stage flasks and stenders, all. Only normal 
tadpoles developed. Again, similar experiment was carried out Pasadena 
(Oct. 1-2), but the eggs were transferred Syracuse dishes that had not been 
autoclaved since the last time they were used. They gave per cent normals 
all, but dishes (out 20) gave per cent. These two tests corroborated the 
conclusion that clean dishes nearly 100 per cent are normal tadpoles. The very 
small percentage abnormals may due polyspermy, other defects the 
cleavage. 

different test was carried out follows (Oct. 1944). set dishes 
was made above, using Syracuse dishes that had been washed, but not auto- 
claved. There were that gave per cent 100 per cent normals; that gave 
only abnormals and one that gave per cent normals. The that gave abnormals 
were carried one step further. The water was drawn off and put into auto- 
claved Stender. the original Syracuse dishes, cc. fresh sea water was 
added. Eggs another individual, the two cell stage were added each. 
After hours all the Stenders had only abnormal embryos. Evidently the 
water had been fouled some way. The six original dishes with fresh water gave 
per cent normals, per cent abnormals; per cent normals; 100 per cent ab- 
normals; 100 per cent normals; per cent normals; and per cent normals. 
These eggs did much better the old dishes with fresh sea water than the old 
sea water fresh dish. 

control test, six the original (Syracuse) dishes that had given only 
normals were treated the same way. The six original dishes with fresh sea 
water (10 cc.) gave all normals. The old sea water from dishes transferred 
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NORMAL ABNORMAL DEVELOPMENT CIONA 


Stenders gave one dish normals, another gave abnormals, and another 
normals and abnormals. More normals resulted than when the original dishes 
that gave only abnormals were tested. These results are consistent with the 
assumption that abnormal development due toxic material that develops 
some the dishes. does not seem due the eggs themselves, but some 
foreign material present some the dishes. Ordinary washing does not remove 
the material, but sterilization the dishes does remove it. the toxic material 
due bacteria left the dishes, the protein other substance which the 
bacteria grow may due either some substance left the dishes, organic 
material that goes over with the eggs the sperm. 


SUMMARY 


Eggs Ciona that develop covered Syracuse dishes produce rule normal 
tadpoles the course hours, but occasionally only abnormal embryos develop, 
both normal and abnormal the same dish. 

Reciprocal crosses sometimes give very different proportions normals and 
abnormals, but the relations are often very inconsistent. The results cannot 
ascribed the eggs alone the sperm their combinations. Even 
attempt made refer the outcome the reciprocal crosses the cytoplasm 
the egg, that has developed under the influence the diploid nucleus the 
egg, still the differences cannot satisfactorily accounted for. 

Polyspermy can account for only very small percentage abnormal develop- 
ment, probably not more than half one per cent. 

Delay fertilizing the eggs does not cause abnormal development. Delay 
using the sperm suspension does not cause abnormals. 

When the eggs one individual are fertilized the same amount sperm 
suspension six other individuals, the outcome may normals each dish 
normals and abnormals, or-occasionally, all are abnormals. When the sperm one 
individual used fertilize the eggs six others, the same kind results may 
happen. 

order make the samples eggs nearly alike possible, they were 
first fertilized large volume water, and, when the two-cell stage, few 
were transferred several small Syracuse dishes. The same kind irregularities 
appeared, which cannot due chance selection different eggs, for the original 
eggs left the large amount water generally gave more than per cent normals. 

Therefore, several kinds experiments were made find out whether 
differences the small dishes will account for the occasional, but persistent, 
appearance abnormals. (1) Dirt impurities the sea water from the tap 
was excluded. (2) Evaporation the sea water the covered Syracuse dishes 
was not enough cause abnormal development. (3) Ordinary washing the 
dishes, even rinsing them distilled water did not remove the cause abnormal 
development some the dishes. (4) But sterilizing the dishes autoclave 
removed the cause most the irregularities. 

follows that the cause the exceptional cases abnormals due some 
contamination that remains the dishes after washing them fresh tap water. 
Since the contamination does not affect the early development eggs (cleavage), 
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but only later stages, must putrefactive origin; and since removed 
autoclaving the dishes, probably bacterial some sort organic contamination. 

The eggs come rest the bottom the dishes few minutes where they 
remain until the tadpole emerges, hence local differences may affect the development 
and account for those cases where both normal and abnormal development takes 
place the same dish. 

The discovery the cause the occasional abnormal development removes 
the possibility that due genetic factors, hence not concerned with the self- 
sterility Ciona. 
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REGULAR OCCURRENCE HETEROPLOIDY GROUP 
PENTATOMIDAE (HEMIPTERA) 


FRANZ SCHRADER 
Department Zoology, Columbia University, New York 


The testis all pentatomid Hemiptera composed lobes which are constant 
number for any given species. some species the size the spermatocyte cells 
and sperms may vary the different lobes, but any one species there char- 
acteristic size for each lobe. other words, the first lobe one specimen pro- 
duces unusually large spermatocytes, the corresponding lobe other specimens 
that species will also show such large spermatocytes. This peculiarity was first 
discovered Montgomery (1898), who described some detail later paper 
(1910). The phenomenon was called “polymegaly” Bowen (1920, 1922a, 
1922b) who his exact analysis laid special stress the processes sperm 
formation. found that certain cytoplasmic elements varied amount propor- 
tionally the size the cells, but that the size the chromosomes varied little 
not all the different lobes. Normal sperms were formed from all lobes, and 
differences the shape the head arose only because there was greater elongation 
some lobes. 

The conditions that are basic this constant variation are therefore subject 
thoroughly regulated processes any given species. They involve mitotic 
irregularities and the occurrence nondisjunction, multipolar spindles and failure 
cytoplasmic division, which course are found here other animals and 
plants, always seem result from physiological accidents that are sporadic and 
way correlated with polymegaly. 

therefore some interest record series cases among the Pentato- 
midae which mitotic disturbances occur regularly certain lobe the testis 
and affect all the cells that lobe. Moreover such irregularity, although resulting 
heteroploidy extremely large range, does not affect the basic processes 
sperm formation. Hence spermatozoa are produced which vary greatly volume, 
but which appear otherwise normal general structure. 


MATERIAL AND METHODS 


The pentatomids concerned are flavicollis Drury, which 
mens were collected Panama (1940 and 1941) and Costa Rica (1944); 
picticornis Horvath, represented six specimens from Panama (1940) and Costa 
Rica and florida Van Duz, collected Florida, A., 1909. 
The data florida are contained Bowen’s papers (1922a and although 
the main points here issue are not specifically noted him. fourth species, 
Mayrinia variegata Dist., represented material only single male col- 
lected Costa Rica 1944. Though strikingly smaller than the uniformly large 
species Loxa, nevertheless close relative and was formerly classified 
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that genus. Its affinity the species Loxa now further attested the fact 
that shares with them the striking mitotic features that form the subject this 
paper. 

Both testes and ovaries were fixed either Sanfelice Allen’s Bouin and 
stained with haematoxylin, gentian violet, the Feulgen method. Although 
Bowen did not state it, more than likely that his material florida for 
which thanks Professor Wilson, was fixed strong Flemming solution. 
all own material the gonads were usually fixed within short interval 
capture, usually less than three hours and sometimes within few minutes. 

thanks are due number people who have aided collecting 
Department Agriculture Turrialba, Costa Rica. 


STRUCTURE THE TESTIS 


all three species Loxa, the testis composed seven lobes, which are 
arranged side side single series. Following Bowen (1922b) these lobes are 
designated consecutive numbers, the first being closest the side toward which 
the vas deferens opens (Fig. 1). The lobes show constant variation diameter, 
but only one lobe strikingly larger than the others. This the fifth, which 
may have diameter two three times that any other and which the same 
time characterized spermatogonial and early spermatocyte cells that are dis- 
tinctly smaller than the cells other this lobe which regularly shows 
heteroploidy the spermatocytes. 

this lobe also which shows heteroploidy Mayrinia. There however, the 
fifth not the largest lobe, for exceeded diameter the sixth. neither 
the two Mayrinia testes disposal seventh lobe visible, and may 
that this species the last two lobes have fused form single, larger one. Since 
there are some indications that specimen old male, inadvisable 
draw any general conclusions this point. The main point however fully 
established. all four species the fifth lobe the testis which always shows 
the special development here under discussion. 


all three species Loxa, the spermatocyte cells are smaller the fifth 
than the other lobes. But Bowen (1922b) has pointed out reference 
polymegaly general, this size difference rests the volume the cytoplasm 
rather than that the chromosomes. Mayrinia, such polymegaly not 
striking Loxa. 

The spermatogonial divisions appear very much alike all the lobes 
(Fig.24 and B). The fifth lobe shows the diploid set chromosomes differing 
perceptible way from that the remaining lobes, and mitoses are orthodox. 
The unusual developments not become evident until the prophase the first 
spermatocyte. Since detailed cytological analysis will published elsewhere, 
only brief outline will given here. 

The most obvious deviation from the normal course first occurs some time 
before diakinesis. When the cells given cyst reach this stage they begin 


aie | 

a 
i 

t 

5 


REGULAR HETEROPLOIDY 


ripe sperms 
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Ficure Section the testis flavicollis, showing the positions and comparative 
sizes the seven lobes. Heteroploidy occurs regularly the fifth lobe. Actual length 
testis mm. and contents are only partially shown. 


fuse with each other. The process irregular the sense that cellular aggregates 
resulting from the union two very few cells may lie side side with much 
larger aggregates comprising many more cells. The nuclei this time tend 
become amoeboid and may divide constriction, but fusion occurs among them, 
not general. 
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Later during the prometaphase, cellular boundaries become very vague and 
the whole cyst may come simulate single, giant cell. this time also 
that the nuclear walls disintegrate, they the normal course events. 
The chromosomes, condensing rapidly, then seem lie scattered irregularly 
through the cytoplasm. However, immediately prior the first appearance 
spindles, the cytoplasm segregated into discrete masses which not seem 


Ficure All from Loxa flavicollis (approx. 1,500 

Spermatogonial metaphase from normal lobe (14 chromosomes). 

Spermatogonial metaphase from fifth lobe (14 

First spermatocyte metaphase from normal lobe autosomal tetrads 

First spermatocyte metaphases from fifth lobe (showing 12, and upwards 
chromosomal bodies). 


correspond exactly the original fusion aggregates. probable that 
this new step involves the activity both chromosomes and centrioles the 
formation spindles, and the latter appear very soon thereafter. Simultaneously 
the chromosomes are arranged into numerous metaphase plates, the number 
which corresponds the rounded masses cytoplasm just formed. Since the 
latter seem have reference the original prophase spermatocyte cells, the 
different metaphases may composed few two (perhaps even one) and 
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many two hundred more chromosomes (Fig. the same token, 
the types chromosomes included such metaphase plates vary greatly. 
all, these configurations chromosomes are the result rather haphazard 
processes and probably only very rarely that they happen represent the 
orthodox set chromosomes (Fig. the first spermatocyte six autosomal 
occurs the fifth lobe. 

Although the number multipolar spindles distinctly higher than normal 
lobes, not great one might expect from the seemingly confused conditions 
that prevail just before spindle formation. Unlike the chromosomal movements 
the preceding period, the maneuvers the centrioles are evidently not completely 


Ficure All from flavicollis (approx. 1,500 

Chromosomes telophase second spermatocyte normal lobe autosomes Y). 

Chromosomes telophase second spermatocyte normal lobe autosomes X). 

Chromosomes telophase second spermatocyte fifth lobe (showing and up- 
wards chromosomes each pole). 


random and their final positions result bipolar figures the great majority 
cases. 

Despite the bewildering range the composition these metaphase plates, 
the actual division the abnormal first spermatocytes occurs normally. The 
second spermatocytes therefore carry correspondingly great variation the 
numbers chromosomes and they too divide successfully give spermatid cells 
(Fig. 3). 

The nuclei that are formed the spermatids after the second spermatocyte 
division course reflect the variation the chromosome numbers that are 
encountered the meiotic divisions. Hence they may greatly exceed size 
the normal spermatid nucleus, and such large nuclei may lie side side with the 
tiny nuclei derived from only one two chromosomes (Fig. However 
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except for this deviation from the normal size, the processes sperm formation 
seem parallel those observed the normal lobes. The behavior chondriosomes 
and Golgi material seems regular, and the transformations the nucleus 
that culminate the tenuous head the ripe sperm are undergone just 
normal cells. The number degenerating sperms not great and certainly 
huge number reach the final stages near the entrance the vas deferens. Since 
cells with normal complement chromosomes must very rare indeed, there 
escaping the fact that very many sperms carrying irregular combinations 
and numbers chromosomes reach the final stages development. Whether 
they then enter the egg and become functional has not been determined. 


Ficure All from flavicollis (approx. 1,500 
Sperms (only heads shown complete) about Stage from normal lobe. 
Sperms (only heads shown complete) about Stage from fifth lobe, showing great 


variation size. 


The evidence that florida duplicates the conditions here described, 
indirect but conclusive. one his papers, Bowen (1922a) discusses the occur- 
rence abnormally high numbers chromosomes that species, and ascribes 
them fusion spermatocyte cells. mentions that this takes place the 
same lobe both the Loxa testes available him. Although not stating which 
lobe this is, Bowen characterizes carrying unusually small spermatogonial and 
early spermatocyte cells. somewhat later paper that year (1922b) 
mentions that florida the fifth lobe that has cells which are distinctly 
smaller than those the other lobes. There thus reason doubt that 
was dealing with conditions florida that are essentially the same those 
here described and which there occur also the fifth lobe the testis. 
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ASPECTS 


These then are the astonishing conditions that confront the two genera, 
Loxa and Mayrinia. four different species, taxonomically distinct, 
lected from Panama, Costa Rica, and Florida—a latitudinal range least 1,700 
km. (or about 1,050 miles)—one the lobes every testis undergoes very 
special type abnormal development. This abnormality results great number 
unusual distributions the chromosomes, but its basic nature identical 
all four species. For all them always the fifth lobe the testis that 
all them the spermatogonial divisions this lobe seem normal and 
cytological indications abnormality not appear until the preparatory phases 
the meiotic and all four species the odd assortments chromosomes 
that result partake nevertheless formation sperms which are normal 
appearance except for size. 

Whatever the factors may that bring about this constant 
abnormality, its evolutionary aspects pose some interesting questions. 
reasonable assume that the conditions underlying are long standing 
the history these species and that fact they were probably present the 
parent form from which they arose. Since all sixteen specimens carry the 
orthodox complement chromosomes, the indications are that the great ma- 
jority the sperms with abnormal chromosomes numbers are either nonfunctional 
produce nonviable zygotes. The existence wasteful development would 
seem incongruity which might well expected meet with short shrift 
the processes natural selection. Nevertheless has persisted, either because 
involves some benefit the species that not immediately obvious else be- 
cause the elaboration useless sperms, even such huge numbers, entails only 
imperceptible drain the evolutionary welfare the animal since amply 
compensated the production sperms from the normal lobes the testis. 

that may, the constant production gametes with irregular chromo- 
some numbers should greatly enhance the chances for producing zygotes with other 
than the usual complement chromosomes. Granted that most the abnormal 
sperms will not produce viable zygotes, likely that some the many unusual 
combinations times develop. Certainly the flow new 
forms from such species should very much greater than the case species 
which the opportunities for such varietal changes are restricted the compara- 
tively rare mitotic accidents that occur the more orthodox processes germ cell 
formation. may that basic conservation that may exist among the Penta- 
tomidae not favorable such evolutionary adventures, but the number speci- 
mens disposal surely too small allow any final conclusions this 
point. Certain that further examination the far described species 
that belong the three, taxonomically closely knit genera Loxa, Mayrinia, and 
Chlorocoris may well throw light these questions (all except florida are 
exclusively neotropical, but their range extends from Florida Argentina; see 
Van Duzee, 1909 and Horvath, 1925). 

But if, already suggested, the conservatism these Hemiptera does not allow 
utilization such evolutionary opportunities, the case nevertheless presents 
mechanism which some other groups might well conducive rapid and great 
strides the elaboration new species. The ready viability forms with unusual 
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chromosome combinations such characterizes for instance genera like Datura and 
Crepis would suggest that other forms might well take advantage such range 
possibilities. any rate, the case indicates what unexpected ways group 
organisms may suddenly become very active the evolutionary sense. 


DIFFERENTIATION SPERMS 


The case reflects rather striking, albeit not entirely novel way, the 
problem differentiation. clear that the complex processes which bring 
about the formation the highly specialized sperm—including the special trans- 
formations Golgi and chondriosome material well the change the 
spherical spermatid nucleus the extremely tenuous, chromatic sperm head—all 
occur regardless whether only one two many dozens chromosomes are 
present the cell. therefore would seem safe conclude that the immediate 
control over these developments vested cytoplasmic elements and that, nuclear 
genes are primarily responsible they must exert their influence the cytoplasm 
least two mitotic cycles earlier (in the spermatocyte prophase when cell fusion 
first occurs). demonstration the same effect contained 
Dobzhansky and Sturtevant (1931) where shown that sperms Drosophila 
which have lost various sections the chromosomes through translocation during 
the meiotic prophase, nevertheless become functional. 


SUMMARY 


The fifth lobe the testes four species Loxa and Mayrinia regularly 
produces sperms carrying heteroploid complements chromosomes. 

This condition must long evolutionary standing and may sig- 
nificance the formation new forms. 
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ASEXUAL REPRODUCTION THE COLONIAL TUNICATE, 
BOTRYLLUS SCHLOSSERI (PALLAS) SAVIGNY, WITH 
SPECIAL REFERENCE THE DEVELOPMENTAL 
HISTORY INTERSIPHONAL BANDS 
PIGMENT CELLS 


RAY WATTERSON 


Marine Biological Laboratory and California, Berkeley 


INTRODUCTION 


Botryllus schlosseri (Pallas) Savigny colonial tunicate readily obtained 
the Eel Pond Woods Hole, Massachusetts. well developed colony the 
individual blastozooids (or ascidiozooids) are grouped into one more systems; 
each system consists blastozooids radiating outwards from central 
common cloaca with the separate oral siphons distributed the periphery. The 
most striking feature many Botryllus colonies the localization special light- 
reflecting pigment cells between the oral and atrial siphons each blastozooid. 
Because the association individual blastozooids into systems within each 
colony the total aggregation such reflecting cells within any one system forms 
attractive star-shaped pattern Fig. clearly revealing the spatial dis- 
tribution the blastozooids involved. Such patterns will referred inter- 
siphonal patterns pigment cells (intersiphonal patterns for short), and each arm 
the pattern will called intersiphonal band pigment cells (intersiphonal 
band for short). 

Such intersiphonal bands have been described more less incidentally 
various however, only two these seemed realize that the bands 
are actually aggregations pigment cells specific regions. Both these men 
realized that these intersiphonal bands are not constant their appearance. Pizon 
(1899a) merely states that they undergo changes with time without specifying the 
nature these changes. Bancroft (1903) states that young zooids there are 
intersiphonal bands all and that three four days elapse before they reach their 
complete formation. Such brief observations constitute the only information avail- 
able the literature concerning the developmental history intersiphonal bands 


pleasure acknowledge the excellent assistance Miss Juanita Senyard during 
the accumulation the data upon which this paper based. 

Many species and varieties Botryllus have been described (Giard, 1872; Herdman, 
Hartmeyer, 1909-1911; Alder and Hancock, 1912). However, these were distinguished largely 
the basis color differences. Pizon (1899a) early recognized the need revise the classi- 
fication Botryllus since realized that considerable color variation may occur even within 
the same colony, and Bancroft (1903) even went far state (p. 161), “in Botryllus, 
occurs Europe and the Atlantic Coast North America, color characters cannot used 
for separating species; therefore, since none the described species have been based upon 
morphological characters, there valid reason for more than the single species, 
schlosseri (Pallas, 1766, pp. 355-356) Savigny (1816).” This view acceptable Van 
Name (1910) and Herdman (1925). 
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pigment lack information rather surprising since the bands are 
very striking when fully formed Fig. and view the fact that 
much has been written concerning other features Botryllus. 

One the most interesting features these intersiphonal bands has received 
attention all, viz., that they are not permanent additions the pigment pattern 
the instead, soon they have formed, they are completely destroyed, 
and this destructive phase marks the most radical change the appearance the 
colony Fig. destructive phase inevitable since, well 
known the parent zooids degenerate each time new generation 
zooids arises asexual reproduction, and these intersiphonal bands are properties 
the individual zooids, not the colony whole. The fact that they give 
the colony characteristic intersiphonal pattern group patterns only 
secondary. 

This paper has twofold purpose: (1) describe the visible changes the 
intersiphonal bands pigment cells during the establishment the colony from 
the larva. observing the development number colonies possible 
correlate rather accurately the steps involved the formation and destruction 
the intersiphonal bands with other known steps asexual reproduction. (2) 
describe the variation the intersiphonal patterns when different colonies are 
compared, and consider possible factors involved such variations. 


MATERIALS AND METHODS 


The eggs Botryllus undergo fertilization and development tadpole 
stage within the blastozooids. Each day some these tadpoles escape from the 
cloaca. order obtain them adult colonies were collected from the Eel Pond 
the morning and the laboratory they were distributed ten inch finger 
filled with sea water. the larvae escape from the parent zooids they swim 
toward the light and toward the surface (see Grave and for 
time liberation larvae and for reactions the larvae light and gravity) and 
they can collected easily with pipette; three them were placed into large 
drop sea water the center syracuse watch glass and were left attach 
and metamorphose into the oozooid. The watch glasses were stacked prevent 
evaporation. Many these tadpoles metamorphose without attaching (Grave, 
1937) exhibit certain indications abnormal metamorphosis (Zhinkin, 1939), 
but these were discarded. Usually least one tadpole attached each watch 
glass; some instances two even all three larvae attached, and they were 
sufficiently isolated from one another, they were allowed continue their develop- 
ment. After attachment had occurred the watch glasses were immersed large 
aquaria through which sea water was circulating. The watch glasses were in- 
verted debris would not settle out too thickly and obscure the development 
the colonies, and they were held this position wooden racks. Each day these 
watch glasses were removed from the aquaria and the appearance the colonies 
developing within them was sketched under the dissecting microscope with re- 
flected light for illumination, since such illumination only the distribution the 
special light reflecting pigment cells revealed and all other pigmentation the 
zooids automatically eliminated from observation (see Plates and II). The 
exact time which each sketch was made was recorded. Whenever colony was 
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The development intersiphonal bands pigment cells the oozooid. 
dot represents one pigment cell. Botryllus tadpole minutes after escape from parent 
zooid. Tadpole which the tail undergoing absorption: one hour after escape from 


parent zooid. Oozooid eight hours after escape from parent zooid. 
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Each 


Another oozooid 


hours after escape from parent zooid. optical section oozooid eight hours after 
escape from parent zooid. Oozooid No. 8c; age two days: example strong intersiphonal 
band pigment cells. Oozooid No. 10; age two days; example medium intersiphonal 


band. Oozooid No. 18c; age two days: example weak intersiphonal band. 


first generation blastozooids. 
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crucial stage transformation could watched for considerable periods 
time without injury. because the large number colonies studied, 
continuous observations any one colony for long periods time were not possi- 
ble, although such procedure would have useful supplementary informa- 
tion. All sketches made for each colony were then mounted from left right 
horizontal row large sheets paper the order which the sketches were 
made, and were arranged these sheets that sketches all colonies made 
any one day lie vertical columns. Consequently the changes the appear- 
ance any one colony throughout the period studied can ascertained quickly 
running the eye horizontally across the sheet; and similarly the appearance all 
the colonies given day readily compared running the eye vertically down 
the sheet. Sixty-one colonies were started from isolated larvae July 31, 1942. 
These were first sketched August next August and then daily in- 
tervals until August they still survived. Due the increased complexity 
the colonies this time was impossible continue daily observations all 
them. Ten colonies were therefore selected and were sketched daily intervals 
until September other colonies were allowed develop until 
August when sketches were made them; however, for these colonies the daily 
changes between August and August are unknown. the case the re- 
maining colonies sketches were made after August for various reasons. 
Consequently, since only incomplete records are available for these colonies, 
they will not included the general observations given below. order 
present these observations the daily changes the appearance one colony (No. 
38) selected example will described detail (Fig. the observations 
the other colonies can then presented briefly (Table merely emphasizing 
their similarities and differences when compared with this observa- 
tions have been made exclusively living material. 


OBSERVATIONS 
Formation and Variation Intersiphonal Bands 


Since the main series colonies started July was first examined two 
days later was necessary start other colonies (on August and September 
order study the establishment the first intersiphonal band during meta- 
morphosis the tadpole into the oozooid. These colonies served only for these 
early observations oozooid development and were then discarded. Although 
the tadpole rather opaque few reflecting pigment cells can sometimes seen 
newly emerged larva (Fig. la). transmitted light these cells appear 
lowish and reflected light they are just barely visible. They are quite definitely 
localized the dorsal surface and already outline the siphonal areas. Within 
hour after the escape the larva from the parent these pigment cells have darkened 


The developmental history intersiphonal bands pigment cells colony 
No. 38. Each dot represents pigment cell. See text for age colony stages illustrated 
and for description the progressive changes. The various stages are not drawn accurately 
scale. Each degenerating zooid indicated cross-hatching. Abbreviations: c.c. common 
cloaca; o.s.= oral s.= space free from pigment cells: seventh 
generation blastozooids. 
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Summary the relationship between changes the intersiphonal bands pigment cells 


and the major changes asexual reproduction all colonies studied. 
the percentage colonies undergoing the change indicated. 
each percentage indicates the generation zooids involved oozooid, 1-7 
The percentages indicated the asterisk may too small since parent 
zooids obscure the buds advanced stages colony formation. 


tions blastozooids). 


Each number indicates 
The number parentheses following 
first genera- 


days ating | single double | present present formed present 
5 59.0(0) 30.7 33.3(1) 0.0(1) 59.0(2) 0.0(2) 0.0(2) 0.0(2) 0.0(3) 
33.3 61.5(1) 5.1(1) 94.9(2) 0.0(2) 0.0(2) 0.0(2) 
2.6(0) 5.1(1) 15.4(2) 0.0(2) 0.0(2) 
35.9 17.9(2) 2.6(2) 15.4(3) 94.9(2) 0.0(2) 0.0(4) 
10 -41.0(1) 23.0 28.2(2) 25.6(2) 82.1(3) | 100.0(2)  100.0(2) 23.0(2) 7.7(4) 
11 7.7(1) 2.6 20.5(2) 43.6(2) 97.4(3) | 100.0(2) | 100.0(2) | 66.7(2) 74.1(4) 
2.6(1) 12.8 7.7(2) 23.0(3) 0.0(3) 69.2(2) 97.4(4) 
13 23.0(2) 12.8 2.6(2) 51.3(2) 5.1(4) 41.0(3) 5.1(3) 0.0(3) 97.4(4) 
23.0(2) 17.9(3) 28.2(3) 84.6(3) 84.6(3) 51.3(3) 20.5(5) 
23.0(3) 5.1(4) 5.1(4) 20.5(5) 56.4(4) 15.4(4) 5.1(4) 2.6(6) 
17.9 23.0(4) 17.9(4) 87.2(5) 94.9(4) 76.9(4) 38.5(4) 10.3(6) 
20 0.0(3) 0.0 10.0(4) 80.0(4) 100.0(5) | 100.0(4) 90.0(4) 90.0(4) 20.6(6) 
22 10.0(4) 10.0 0.0(5) 10.0(5) 90.0(5) 10.0(5) 0.0(5) 0.0(5)  100.0(6) 
23 40.0(4) 40.0 10.0(5) 50.0(5) 60.0(6) 60.0(5) 60.0(5) 50.0(5) 0.0(7) 
24 20.0(4) 20.0 10.0(5) 80.0(5) 90.0(6) 90.0(5) 90.0(5) 80.0(5) 0.0(7) 
f 27 10.0(5) 10.0 0.0(6) 10.0(6) | 100.0(6) 10.0(6) 10.0(6) 0.0(6) | *30.0(7) 
10.0 0.0(6) 40.0(6) 20.0(6) 20.0(6) *40.0(7) 
30 0.0(5) 0.0 0.0(6)  100.0(6) 100.0(7) 100.0(6) | 100.0(6) | 100.0(6) 0.0(8) 
t 31 0.0(6) 0.0 0.0(6)  100.0(6) 100.0(7) 100.0(6) | 100.0(6) 100.0(6) *0.0(8) 
0.0(6) 0.0 0.0(7) 100.0(7) 100.0(7) 100.0(7) 100.0(7) *0.0(8) 


(amp., Figs. 


100.0(7) 


until they appear brownish transmitted light and are more readily visible 
reflected they now outline the siphonal region rather sharply (Fig. 1b). 
some instances one two these reflecting cells are also visible the ampullae 
great increase the number reflecting cells seems 


take place during metamorphosis, least not during the first day. Seven eight 
hours after emergence the larva the siphons are readily visible and typically the 
reflecting cells are restricted sharply the areas immediately surrounding and 
between the siphons (Fig. however, few instances they are more widely 
distributed either side the dorsal midline well (Fig. That these cells 
are very definitely restricted the dorsal surface the oozooid can seen 
optical section (Fig. le). 
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When the oozooids the colonies started July were first examined 
August considerable variation was noted the appearance their intersiphonal 
bands; however, the intersiphonal band any oozooid could classified quite 
readily one three types, either: which case there broad, almost 
solid band reflecting cells between the two siphons (Fig. medium, 
which case there band pigment cells between the two siphons, but 
usually rather narrow irregular and consists relatively few reflecting cells 
(Fig. weak, which case there are only few scattered reflecting cells 
near the dorsal midline (Fig. with obvious arrangement into 
Twenty-nine the colonies studied arose from oozooids classified possessing 
strong intersiphonal bands, from oozooids with medium intersiphonal bands and 
from those with weak bands. Three colonies had abnormal oozooid stages 
which the intersiphonal bands could not classified. 


Destruction Intersiphonal Bands and Their Formation First 
Generation 


Each oozooid reproduces asexually budding produce the first generation 
blastozooid This bud double walled structure located the right side 
the its inner layer evagination part the atrial wall the 
parent its outer evagination the overlying epidermis. The 
atrial portion the bud consists formative cells which give rise all parts the 
blastozooid except the epidermis which derived directly from the epidermis 
the parent. the time the siphons the first generation blastozooid are estab- 
lished the oozooid begins degenerate; its intersiphonal band destroyed and 
the oozooid itself almost completely disappears. Meanwhile intersiphonal band 
established the first 


details asexual reproduction Botryllus have been presented rather fully else- 
where (Della Valle, 1882; Hjort, 1892; Oka, 1892; Pizon, 1893; Berrill, 1941b, 
However, some indication the process necessary here and also other points order 
understand the progressive changes the intersiphonal patterns recorded this paper. 


All figures are photographs the dorsal surface the colonies taken reflected light. 
Magnification ca. 

Ficure Colony 30c. Age days. zooids with well developed intersiphonal bands. 

Ficure Colony 35. Age zooids distributed two systems. 
bands only partially developed and therefore not completely double. zooids degenerated 
the 27th day. 

Ficure Colony 23. Age days. zooids distributed four systems. Intersiphonal 
bands well developed. 

Ficure Colony 13C. Age days. Zooids highly sensitive and contractile resulting 
the contracted state and irregularity the intersiphonal patterns. Reflecting pigment cells 
are just appearing the circulatory system. This the first stage the destruction in- 
tersiphonal patterns. the 29th day these zooids undergo degeneration and are replaced 
zooids. 

Ficure Colony 41. Age days. zooids with well developed double intersiphonal 
bands. Nine zooids are faintly visible between the zooids. Note that intersiphonal bands 
are already appearing zooids (arrow) before zooids have contracted. This 
exceptional condition. 
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The asexual bud which will develop into the first generation blastozooid 
already present the tadpole before its emergence from the parent zooid 
readily visible all the second day after the tadpole has 
attached Figs. and 2a). Sometime during the third day the bud 
hegins grow few scattered reflecting cells may then present the 
bud. 

Fourth day siphons are now visible the first generation 
blastozooid. Reflecting cells are quite definitely restricted the region immedi- 
ately surrounding the siphons, with few cells between the siphons and even 
either side the mid-dorsal line some colonies. the oozooid there 
tendency for the reflecting cells become rearranged part the inter- 
siphonal band, leaving spaces free from reflecting cells; such space forming 
colony No, 38, although very other oozooids the rearrangement 
reflecting cells the dorsal surface much more extensive, especially near the 
oral siphon, serving split that part the originally single intersiphonal band into 
double band. reflecting cells may disappear first from other parts 
the band. three the colonies the intersiphonal band appears somewhat 
contracted; one colony some the reflecting cells have been swept into the 
ampullae way the circulatory system. The buds the second generation 
blastozooids (2Z) are already present. Typically one bud forms the right side 
and one the left the first blastozooid (although sometimes only one bud forms, 
which case always the right side; other cases there may three buds, 
which case two are always the right and one the left). 

Fifth day (Fig. 2c). The oozooid has almost completely degenerated. 
Usually the remnants the oozooid are heavily pigmented that impossible 
identify whatever traces the old intersiphonal band may still exist. 
ous reflecting cells arising from the disintegration the intersiphonal band the 
are now circulating freely the blood stream and these can traced 
they move through the blood channels surrounding the siphons and the area be- 


are terminal enlargements the colonial blood vessels. them are 
present the oozooid (Grave and Woodbridge, these progressively increase number 
during the formation colony. adult colony they are found nearly everywhere, but are 
situated principally the periphery. Several functions are attributed them Bancroft 
(1899) they act storage reservoirs for the blood, they aid blood propulsion since they are 
contractile, they act organs for the secretion test matrix and they probably function 
respiratory structures. 


All figures are photographs the dorsal surface the colonies taken reflected light. 
Magnification ca. 

Colony 11. Age days. zooids are maximum and 
traction and their intersiphonal bands are disintegrating. Reflecting pigment cells are accumu- 
lating the ampullae the periphery. zooids are appearing between the ampullae and the 
degenerating zooids and the oral extremities their intersiphonal bands are forming (arrows). 
This the second stage the destruction the intersiphonal patterns. the 34th day the 
zooids are well formed with distinct intersiphonal bands. 

Ficure Colony 35. Age days. zooids are functioning and their intersiphonal 
bands are becoming double. Note the remains the zooids the center the systems. 
Note also that reflecting pigment cells have almost completely disappeared from the peripheral 
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tween the siphons the first blastozooid. Simultaneously the intersiphonal band 
pigment cells the first blastozooid rapidly becomes more distinct the 
tion more reflecting cells this region. Typically solid band reflecting cells 
established between the two siphons; this band may almost rectangular 
shape, may slightly irregular. Within the band there may one even 
two spaces free from reflecting cells. Some the reflecting cells from the degen- 
erating intersiphonal band the oozooid can also followed they are carried 
through the blood channels the second generation buds. While these buds 
remain small the circulating pigment cells may become trapped them temporarily 
which accounts for the presence few scattered reflecting cells early the 
establishment each generation buds; these tend disappear later when blood 
channels enlarge allowing them move on. 

order compare the changes the other colonies with those described for 
colony No. reference should made constantly Table which summarizes 
the relationship between changes the intersiphonal bands pigment cells and the 
major changes involved asexual reproduction all colonies 
example, the fifth day the oozooid undergoing degeneration colonies 
per cent all colonies). ten these reflecting cells are contained 
the vascular channels and ampullae; circulating reflecting cells are also visible 
two other colonies which the oozooids are completely destroyed. Thus pig- 
ment cells are circulating colonies (30.7 per colonies (33.3 per 
cent) intersiphonal bands are forming first generation blastozooids and they are 
all bands (in the other colonies the reflecting cells the first generation 
blastozooids are too scattered constitute definite intersiphonal band). Second 
generation buds are beginning grow colonies (59 per cent). general 
the observations given below refer only colony No. 38; order ascertain how 
characteristic these changes are for all the colonies reference must made 


Table 


Sixth day (Fig. traces the have disappeared but some 


reflecting cells are still present the ampullae. The intersiphonal band the 
zooid well formed; within there one space free from reflecting 
several other colonies one two spots free from reflecting cells are now visible 
within the intersiphonal bands, and two colonies this tendency for reflecting 
cells disappear from the midline the intersiphonal band marked that the 
band now classified double (Table 1). The buds are growing, and 
some colonies the buds are sufficiently developed that they turn bear buds 
which will become the third generation zooids. 

Seventh day (Fig. second space free from reflecting cells has ap- 
peared the midst the intersiphonal band the zooid. siphons are 
beginning appear the some scattered reflecting cells are also present 
these buds are present. Reference Table shows that very few 
oozooids are actually undergoing degeneration this time and that reflecting cells 
are circulating very few colonies. Perhaps the most striking change the 
appearance the intersiphonal bands clearly demonstrated Table viz., that 
many colonies the intersiphonal bands which were originally single are now 
definitely becoming double due the disappearance rearrangement reflecting 
cells one, two, three four spots along the length the band. 
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Eighth day (Fig. The intersiphonal band tends almost double 
throughout its length. Typically the disappearance reflecting cells spreads in- 
wards from each end the band, that the last part the band become double 
the part midway between the two siphons. Oral siphons are distinctly present 
buds, and some colonies the atrial siphons have also appeared (see Table 
Reflecting cells are present many second generation buds, but they are 
seldom restricted sharply the siphonal areas. 


Destruction Intersiphonal Bands First Generation Blastozooids and Their 
Formation Second Generation Zooids; Establishment First 
Intersiphonal Patterns 


Ninth day (Fig. 2g). The first generation blastozooid undergoing de- 
generation; reflecting cells are circulating vigorously. all colonies where 
zooids are degenerating reflecting cells are circulating (Table I). The zooids 
have grown rapidly; they possess both oral and atrial siphons and their inter- 
siphonal bands are well three clear spots are present the band one 
zooid and two the other. The buds which will develop into the third generation 
zooids are just beginning enlarge. few scattered reflecting cells are appearing 
these buds. 

Tenth day (Fig. 2h). All traces the first generation blastozooid have 
disappeared however, reflecting cells are still present the ampullae. The de- 
generation zooids still underway many colonies (Table Although 
the two atrial siphons the two zooids are only closely approximated colony 
No. they have fused nine colonies form common cloaca, thus establishing 
system zooids for the first time the life history these colonies. one 
these colonies consisting three zooids two atrial siphons have fused, but the 
third one still separate. some colonies the buds which will develop into the 
fourth generation zooids have already made their appearance (Table I). 

Eleventh day (Fig. cells are longer present the cir- 
culatory system most colonies. The intersiphonal bands the zooids are 
almost completely double, especially the atrial end the bands. The atrial 
siphons the zooids have now fused establish common cloaca. Therefore 
the individual intersiphonal bands are now united their atrial ends for the first 
time form true intersiphonal pattern. The buds which will develop into the 
third generation blastozooids are enlarging; many colonies these buds contain 
scattered reflecting cells with special distribution. The buds which will become 
the fourth generation zooids are now present. 

Twelfth day (Fig. The intersiphonal bands continue approach the 
condition completely double bands, especially their atrial ends; consequently 
the intersiphonal pigment patterns tend consist double bands each blasto- 
zooid (as Pl. Figs. and 5). four colonies one more the zooids 
are beginning degenerate prematurely; two these the zooids had first 
joined common cloaca before degeneration began (in contrast Pizon, 1893, 
1899a, and 1900, who believes that one the primary causes premature degen- 
eration zooids the failure join common cloaca with other zooids). Oral 
siphons are appearing buds; buds are present, but are not growing. 
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Destruction Intersiphonal Bands Second Generation Blastuzooids and Their 
Formation Third Generation Zooids 


Thirteenth day zooids with almost completely double bands 
are still present, but reflecting cells are appearing the circulatory system. The 
zooids are beginning degenerate number colonies; some only one 
two zooids are degenerating while others are still normal; several the zooids 
are strongly contracted, but actual degeneration has not yet begun. zooids are 
considerably larger, oral siphons are present them, and scattered reflecting cells 
are also visible, especially around the oral siphons. buds have not yet started 
grow. 

Fourteenth day (Fig. generation zooids are undergoing de- 
generation, the case many other colonies (Table two colonies only 
one the second generation zooids has started degenerate; another colony 
one the zooids also degenerating. zooids have their siphons well 
formed and the atrial siphons have already fused form common cloaca. The 
intersiphonal bands are well some them are nearly double from their 
earliest appearance. The buds are enlarging. 

Fifteenth day (Fig. 2m). The zooids are completely absent although 
they are still undergoing degeneration several other colonies. Almost change 
has occurred the appearance the intersiphonal bands. The buds which will 
become the fourth generation zooids are growing rapidly and buds have now 
appeared. 

Sixteenth-seventeenth days (Fig. 2n). The zooids form well-defined 
system with almost completely double intersiphonal bands pigment cells. One 
colony striking that the band double one the two zooids, but practically 
non-existent the other. Oral siphons are just appearing buds. two 
colonies some the zooids are degenerating prematurely. 


Destruction Intersiphonal Bands Third Generation and Their 
Formation Fourth Generation Zooids 


Eighteenth day zooids are undergoing degeneration and re- 
flecting cells are circulating. bands are forming rapidly 
zooids, and they are double from their earliest appearance. The atrial siphons 
the zooids have not yet joined form common cloaca. buds are be- 
ginning grow. 

Nineteenth day (Fig. 2p). All traces the zooids are now lacking. 
The atrial siphons the zooids have not yet joined for cloaca formation. 
buds are growing rapidly and buds have appeared. 

Twentieth-twenty-first days (Fig. 2q). Beyond the nineteenth day daily 
observations were made only ten colonies (9c, 11, 13, 23, 30b, 35, 38, 41, 44a 
and therefore the observations summarized Table beginning with the 
twentieth day are based only these ten colonies unless otherwise indicated. 
Colony No. has well developed distinct intersiphonal pattern now 
present since the atrial siphons have joined form common cloaca with the almost 
completely double intersiphonal bands radiating outwards from it. 
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Destruction Intersiphonal Bands Fourth Generation and Their 
Formation Fifth Generation Zooids; First Appearance More 
Than One Intersiphonal Pattern Colony 


Twenty-second day (Fig. 2r). zooids are undergoing degeneration; 
reflecting cells are circulating strongly. The zooids not possess atrial 
siphons yet; their intersiphonal bands are almost completely double from their 
first appearance. These fifth generation zooids are distributed into three groups 
indicative the three systems zooids which they will constitute later; two 
groups four zooids each are separated somewhat from the remaining zooids 
which, though widely separated from each other, are destined form only one 

days (Fig. zooids are now well de- 
veloped all the intersiphonal bands are completely double and are radiating out- 
wards from three common cloacas, i.e., the colony now consists three systems 
zooids and therefore three intersiphonal patterns. buds are enlarging. 


Destruction Intersiphonal Bands Fifth Generation and Their 
Formation Sixth Generation Zooids 


Twenty-seventh day (Fig. 2t). The zooids are undergoing degenera- 
tion and reflecting cells are circulating all the thirty-two zooids have had double 
intersiphonal bands almost from their earliest appearance. These zooids are dis- 
tributed four groups indicative the four systems they will establish, although 
common cloacas have yet formed; zooids are distributed groups seven, 
eight, eight and nine. 

Twenty-eighth-thirty-first days (Fig. 2u). Four well-defined systems 
zooids are now present, each with common cloaca and intersiphonal pat- 
tern. The observations recorded Table for the twenty-ninth day are based 
all colonies, the colonies which daily observations have been 
made, well the colonies which have not been examined since August 19. 
The observations recorded beyond the twenty-ninth day are again based only 
ten colonies. 


Destruction Intersiphonal Bands Sixth Generation and Their 
Formation Seventh Generation Zooids 


Thirty-second day (Fig. 2v). Colony No. has changed from the sixth 
the seventh generation zooids; all the new intersiphonal bands are almost 
completely double; the zooids are already arranging themselves into eight groups, 
but only few atrial siphons have fused yet. There total zooids. 

days The zooids are now arranged 
eight distinct systems, each with its distinct intersiphonal pattern consisting 
double intersiphonal bands. 


Literature 


Attention has frequently been called the brilliant and varied coloring the 
flower-like groups ascidiozooids which constitute Botryllus colonies 
1901 Herdman, 1925). According Webb (1939), “It appears that all brightly 
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coloured species owe their colour pigment cells which are morphologically blood 
cells, though most cases they not participate much the general circulation 
but become more less permanently lodged along the walls the peripheral 
(p. 505). For the most part, however, only incidental observations have 
been recorded concerning intersiphonal bands pigment (1774) 
illustrates several Botryllus systems his Plate IV, Figs. and and double 
intersiphonal bands are clearly indicated. Krohn (1869b) his explanation 
his Plate XIV, Fig. calls attention “Breiter Pigmentstreifen 
zwischen den beiden Van Name (1910) states that 
life, the zooids, especially their anterior ends and dorsal portions, and the 
bulbs the test vessels, are marked with light-colored pigment, which mostly 
disappears after death” (p. 352). more detailed descriptions Botryllus 
colonies the presence some sort intersiphonal bands has been noted numer- 
ous instances. This especially true violaceus 
1842). this species Giard (1872) notes (p. 621), “Les deux orifices sont 
reliés entre eux par des lignes plus moins larges, d’une coloration qui varie 
entre pur jaune brunatre passant par toutes les teintes inter- 
Concerning this same species (?) Alder and Hancock (1912) state 
(p. 70), “the thorax from near that [oral] aperture downwards [is] marked with 
double line opaque white, broadest above and ending the margin the 
tubular common orifice; these lines [are] sometimes yellowish and occasionally 
broader and confined more exclusively the Botryllus smaragdus Giard 
(1872) mentions the presence “Lignes radiales d’un jaune plus moins vif, 
parfois peine (p. 626) and Pizon (1899a) describes “des lignes 
radiales jaunes qui avec une largeur des nuances trés variables, sur 
face branchie” (p. 396). Similar radial lines extending from the 
oral the atrial siphons have been described Giard (1872) Botryllus auro- 
lineatus and Botryllus Alder and Hancock (1912) Botryllus miniatus 
and Van Name (1931) Botryllus primigenus. these authors only Pizon 
definitely states that the pigment granules constituting the intersiphonal bands are 
contained within special cells called chromatocytes, and that these granules are 
about size and are animated Brownian movement. Van Name (1902) 
also notes that the closely related Botrylloides nigrum similar white pigment 
contained opaque oval cells the same size those containing the ground color. 
The only extensive observations concerning intersiphonal bands Botryllus 
are recorded Bancroft (1903). refers these bands one two ways: 
dorsal double bands, two parallel white bands extending from cloaca 
branchial orifice also speaks the blastozooids possessing such bands white- 
striped zooids. Although does not state specifically realizes that the pig- 
ment involved contained specific pigment cells. believes that the position 
these bands does not depend that blood vessels. His paper deals con- 
siderable extent with color variations Botryllus. His comments concerning 
variations intersiphonal bands will incorporated into the discussion below. 


Repeated Destruction and Formation Intersiphonal Bands Pigment Cells 
During the Development Colony 


The intersiphonal band which develops the oozooid usually solid band 
cells between oral and atrial siphons. This band arises rather rapidly during 
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metamorphosis the tadpole and undergoes few changes while the persists, 
except that sometimes tends become double its oral extremity. This trans- 
formation single intersiphonal bands into double bands occurs quite slowly the 
oozooids and rarely completed before the oozooid degenerates, that single 
best partially double intersiphonal bands are characteristic oozooids 
highest state the third day after attachment the first generation 
blastozooid growing rapidly and scattered reflecting cells are present it. 
the fourth day both its siphons are indicated and its reflecting cells are quite 
definitely restricted the region immediately. surrounding the siphons, with few 
scattered cells between the siphons. The oozooid then begins degenerate and the 
intersiphonal band the destroyed. The pigment cells set free from the 
intersiphonal band are then present the circulatory channels and are carried 
passively the blood stream. Such degenerative changes occur the 
the majority colonies the fifth day (Table Simultaneously inter- 
siphonal bands are forming the first generation blastozooids, and they are all 
single bands. zooids are just beginning grow rapidly, but they possess 
neither oral nor atrial siphons yet. buds are not present. the sixth day 
fewer oozooids are degenerating; most the colonies have single intersiphonal 
bands forming zooids, but few colonies these bands are transforming into 
double zooids are growing rapidly, although they still possess neither 
oral nor atrial siphons. buds are now appearing. the seventh day degen- 
eration nearly completed and reflecting cells are circulating few 
colonies. The most striking change has been the transformation almost all 
single intersiphonal bands into double bands. Oral siphons are just appearing 
zooids and buds are now present almost all colonies. the eighth day 
the first generation blastozooids are their optimal state development. The 
characteristics this highly developed condition are follows: (a) almost 
reflecting cells are circulating, indicating that oozooids have all degenerated some 
time ago and that first generation blastozooids have not yet started degenerate 
(b) the intersiphonal bands first generation blastozooids are almost all double, 
condition which usually realized only when the zooids are fully developed; 
(c) all zooids are growing rapidly and both oral and atrial siphons are forming 
them; (d) buds are present all colonies. 

Then, the ninth day the zooids begin degenerate, accompanied the 
appearance reflecting cells the circulatory system once more, and accompanied 
also the onset rapid growth zooids. Degeneration first generation 
zooids and their intersiphonal bands maximum the tenth 
siphonal bands are forming zooids, and note especially that there are aknost 
many colonies with double bands with single bands this time. For the first 
time the atrial siphons zooids are fusing some colonies establish com- 
mon cloaca and thus establish system zooids within each thereby 
allowing establishment the first intersiphonal patterns. buds are beginning 
appear. the twelfth day the zooids have attained their maximum develop- 
ment. The characteristics this highly developed condition the colonies are the 
same those when zooids were best viz., few reflecting cells are 
circulating, almost all intersiphonal bands are double, all zooids are growing 
rapidly, and zooids are present almost all colonies. addition atrial siphons 
zooids have fused form common cloacas most colonies. 
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Degeneration zooids begins the thirteenth day, reaching its maximum 
the fourteenth the intersiphonal bands forming zooids are 
single this atrial siphons zooids are beginning fuse estab- 
lish common cloacas. zooids reach their maximum development the seven- 
teenth day. The new intersiphonal pattern characteristic the colony this time 
more complex than previously since consists more intersiphonal bands. 
Again the characteristics the colonies this moment maximum development 
are the same the time maximum development and zooids. 

zooids then begin degenerate and zooids attain their maximum develop- 
ment the twenty-first day. Then the zooids degenerate and zooids reach 
their maximum development the twenty-sixth day. These turn degenerate 
and zooids attain maximum development the thirty-first day. The zooids 
then degenerate and zooids are their most highly developed condition the 
thirty-fifth day. 5Z, and zooids are characterized double intersiphonal 
bands almost from their earliest appearance. Thus under laboratory conditions 
period days elapses between the highest state development one gen- 
eration zooids (and its intersiphonal bands) and the highest state development 
the next generation (and its intersiphonal bands 

During each brief period four five days the intersiphonal bands undergo 
orderly series stepwise transformations. The pigment cells which con- 
stitute new intersiphonal band first appear near the oral siphons. They are fairly 
scattered first, but very soon they form solid band cells the dorsal midline 
extending from oral atrial The originally solid bands reflecting 
cells then begin separate lengthwise that each intersiphonal band shows in- 
dications becoming double throughout its length Fig. These bands 
progressively become more completely double Fig. until they are dis- 
tinctly double Fig. The pigment cells then reflect light the maximal 
extent and the particular generation zooids involved has then attained its high- 
est state development. Bancroft (1903) also recognized that these intersiphonal 
bands are progressively built (1899a) realized that the intersiphonal 
bands change with time, but gave description the The most 
radical change the intersiphonal patterns then occurs. They assume very 
irregular appearance Fig. compared with their extremely regular ap- 
pearance the time their greatest development Figs. and 5). This 
irregularity due the contraction some the intersiphonal bands, due 
turn the contraction the zooids involved. given instant some inter- 
siphonal bands are almost completely contracted, others only partially, but in- 
stant later different bands become contracted and those formerly contracted are 
then somewhat relaxed, with the result that the intersiphonal patterns are rapidly 
changing their configuration. The intersiphonal bands then undergo maximum and 
permanent contraction II, Fig. 8), and this time the intersiphonal bands are 
destroyed, i.e., the reflecting pigment cells constituting them are released from the 

This period four five days between the maximum development successive genera- 
tions zooids agrees with the intervals established Berrill (1935a). However, should 
emphasized, Bancroft (1903) and Grave (1933) have already done, that growth 


Botryllus less vigorous aquaria than its natural habitat. colonies growing the 


Eel Pond, Grave observed that the interval between successive generations reduced 
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band and pass into the blood channels between and around the siphons and degen- 
eration the zooids underway. These circulating pigment cells are swept 
quickly into the ampullae Pl. Fig. the periphery the colony and 
into the blood channels the next generation blastozooids and can traced they 
circulate around and between the siphons these new zooids. These reflecting 
pigment cells sometimes begin circulate even before the atrial siphons have 
appeared the new generation zooids, and they are usually circulating strongly 
when the degenerating zooids are still adult size, are three-fourths that size, are 
one-half large adults, and even when they are completely reduced. 

While the old intersiphonal bands are undergoing destruction new intersiphonal 
bands are forming the new generation zooids Fig. arrows). Because 
the almost perfect coincidence the time destruction the intersiphonal 
bands one generation zooids and their establishment the next generation 
seemed certain that some the circulating reflecting cells must become secondarily 
attached the intersiphonal region the next generation zooids participate 
the formation its intersiphonal bands. This seemed all the more certain 
view the fact that during the final rapid development these new bands pig- 
ment cells the reflecting cells disappear almost completely from the circulatory 
system (compare peripheral regions Pl. Figs. and 9). However, some 
exceptional cases Pl. Fig. evident that new intersiphonal bands (arrows) 
can originate even before contraction and subsequent destruction the bands 
the old generation zooids has begun. This suggests that the first reflecting cells 
appear the intersiphonal region the new zooids arise situ. Whether all 
the pigment cells the new bands arise locally, whether they are augmented 
with cells from the intersiphonal bands the degenerating zooids can de- 
termined only experimentally preventing the reflecting cells from the degenerat- 
ing pigment bands from entering the new generation zooids, well careful 
histological has recorded observation interest this 
connection. his studies the fusion Botryllus colonies has observed that 
single system may contain zooids derived from two different colonies; the zooids 
from one colony may possess well developed double intersiphonal bands whereas 
those the other may possess visible bands XVII, Fig. his dis- 
cussion (pp. 174-175) states that “In the fused colonies the zooids may differ 
and not the slightest tendency toward equalization this difference could 
detected.” This evidence would suggest that intersiphonal bands arise 
not all; suggests that even reflecting pigment cells are present part 
colony they can never participate the formation pigment band zooids 
which not inherently possess one. the reflecting cells from the degenerating 
pigment bands are not involved the establishment new intersiphonal patterns, 
perhaps they too are used food material the newly forming known 
that all other cells arising from degeneration the zooids are utilized. 

Eventually the number zooids colony has increased the point where 
they can longer gather around single common cloaca. More than single 
common cloaca then forms, and some zooids assemble around each with the result 
that the colony then consists more than one system zooids. Since the inter- 
siphonal bands one system constitute one intersiphonal pattern, the colony then 
has more than one intersiphonal pattern. more and more generations zooids 
develop the number systems, and therefore the number intersiphonal patterns, 
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progressively increases. Krohn (1869a and clearly recognized that each 
new generation buds matures, the old systems are constantly replaced new 
ones which usually correspond with the parent system neither their form nor 
the number single individuals composing them. 

Thus evident that any Botryllus colony characterized specific inter- 
siphonal pattern group patterns for only very brief period. Any given 
intersiphonal pattern then rapidly destroyed within few hours and entirely 
different pattern group patterns built up, only destroyed turn. 
Moreover, evident that this progressive remodeling the intersiphonal pat- 
terns within given colony intimately associated with the process asexual 
reproduction, intimately fact verify the statement Berrill (1941c) 
the effect that there “rigorous correlation the features characterizing any 
given stage, that the developmental stage one feature known the stage 
whole can accurately defined” (p. 100). 


Variations Intersiphonal Patterns When Different Colonies Are Compared 
Some Colonies Lack Distinct Intersiphonal Patterns 


Some colonies are collected nature which the intersiphonal patterns are not 
strongly expressed even when the zooids are their maximum state develop- 
ment. interesting inquire whether this weakness expression the pat- 
tern certain colonies merely due lack proper environmental conditions, 
whether due unhealthy condition the colony, whether tem- 
porary condition characteristic only that particular generation zooids which 
functioning that instant, whether permanent characteristic that par- 
ticular colony appearing all generations zooids. such weakness ex- 
pression constant characteristic certain colonies, perhaps genetically 
determined. 

Two days after attachment the larvae considerable variation evident when 
the intersiphonal bands different oozooids are compared. Some oozooids exhibit 
strong intersiphonal band, i.e., there broad, almost solid band reflecting 
cells between the two siphons; others possess medium band, i.e., there rather 
narrow irregular band consisting relatively few reflecting cells; still others 
possess weak intersiphonal band, i.e., there are only few reflecting cells near 
the dorsal midline with obvious arrangement into band. the colonies 
the sixth day the reflecting cells are not concentrated into distinct inter- 
siphonal band zooids. these, were derived from oozooids originally 
classified possessing weak bands and from oozooids with medium bands; all 
the oozooids whose intersiphonal bands were originally classified weak (and not 
omitted from the observations recorded this paper) are among these colonies, 
but colonies derived from oozooids whose bands were originally classified 
medium are not this group. blastozooids derived from oozooids which ex- 
hibited strong intersiphonal bands are found this group. the eighth day 
the colonies still not have the reflecting cells arranged into definite inter- 
siphonal band, and distinct intersiphonal band formed before the zooids 
degenerate. the eleventh day colonies possess well developed intersiphonal 
bands zooids, but such bands are lacking colonies. the colonies 
derived from oozooids originally possessing weak bands are among these 14, 
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well from oozooids whose intersiphonal bands were originally classified 
not single colony derived from oozooid exhibiting strong intersiphonal 
bands found this group. Moreover distinct bands appear these 
colonies before the zooids degenerate. the sixteenth day, although distinct 
bands are present zooids colonies, such bands exist colonies, and 
all colonies originally exhibiting weak bands are included among these 15. 
the twenty-ninth day three colonies originating from oozooids with weak inter- 
siphonal bands possess distinct intersiphonal bands zooids; two colonies 
are undergoing the transformation from fifth sixth generations 
the expression the intersiphonal bands could not determined; six possess 
distinct bands zooids. Two other colonies and three colonies are now 
classified possessing distinct intersiphonal patterns; these were derived from 
oozooids originally classified possessing intersiphonal bands. 

Thus all colonies which only weak intersiphonal bands form the oozooid 
stage form only weak bands throughout their development, least through the 
seventh generation blastozooids. This weakness expression the inter- 
siphonal bands therefore constant characteristic throughout the developmental 
history certain colonies. the contrary, oozooids which possess well developed 
(strong) intersiphonal bands develop into colonies which always have well de- 
veloped bands. This difference between weak and strong expression inter- 
siphonal bands therefore constant one and probably genetically determined. 
the present study attempt was made determine whether the tadpoles which 
give rise oozooids with weak intersiphonal bands are derived only from adult 
colonies which distinct bands occur, whether they can come from adults 
possessing distinct bands. However, Bancroft (1903) has recorded 
servations interest this connection. collected tadpoles from three mother 
colonies. The tadpoles from the first mother colony gave rise large number 
colonies called Family from the second mother colony established 
Family and Family originated from tadpoles which emerged from the third 
mother colony. observed that double bands formed only Family and 
Family III, and the mother colonies both these families had well developed 
dorsal also noted that Family two colonies developed dorsal double 
bands, whereas two had trace them. This may indicate that colonies with 
strong intersiphonal bands can established only from tadpoles which emerge 
from mother colonies with well developed bands; however, colonies with weak 
intersiphonal bands can also come from tadpoles emerging from colonies with well 
developed bands. Should there prove genetic basis for this difference 
between and weak expression intersiphonal bands, appears likely that 
the strong expression will prove dominant. 

The category medium applied the classification intersiphonal bands 
appears artificial one, since colonies derived from oozooids classified 
medium are subsequently classified part with the group lacking distinct bands 
later generations, but mostly with the group possessing such bands. the 
group oozooids classified medium probably heterogeneous group, part 
its members actually belonging among the weak group, but showing the maxi- 
mum development the bands found this group, and the rest belonging 
the strong group, but showing only minimal development the bands. The 
classification medium therefore discarded significance. 
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The Number Zooids Given Generation Not Constant 
Due differences the number buds per sooid 


Usually throughout the developmental history any colony the number zooids 
progressively increases and accordingly each new generation zooids becomes 
mature, the intersiphonal pattern the colony becomes more complex than when 
the previous generation zooids was present. However, the complexity the 
pattern not the same all colonies even when they are the same stage 
development. This evident the intersiphonal patterns three the colonies 
illustrated Plate are compared. These colonies are all the same stage 
development, i.e., sixth generation zooids are functioning each, but the colony 
illustrated Figure there are only zooids the generation, the colony 
illustrated Figure there are twelve zooids, while the colony illustrated 
Figure there are twenty-three zooids. Obviously even when colonies the 
same stage development are compared variations their intersiphonal patterns 
still exist due differences the number zooids, which due mainly differ- 
ences the rate budding different colonies. question then arises concern- 
ing the factors which determine the number buds produced any zooid. the 
number buds produced single zooid purely fortuitous response the en- 
vironment, varying from generation generation within any given colony? 
the number buds produced each zooid constant from generation generation 
given colony and variable only when different colonies are compared? Any 
regularity budding within one colony may possibly indicate that the budding 
pattern genetic characteristic colony. 

According Pizon (1893) both lateral walls the atrium the tadpole 
undergo localized thickening sometime before the tadpole escapes from the parent. 
Such thickening the first step the development asexual bud. Thus 
budding the oozooid begins bilaterally, but the thickening the left always 
much less accentuated than the one the right. the time the tadpole has 
escaped from the parent the bud the left has entirely disappeared, whereas the 
one the right has developed sufficiently that the beginnings pharynx and 
two atrial sacs are recognizable. notes that the intestine the oozooid 
crowded the left and believes that the pressure exerted the intestine 
against the atrial wall most likely inhibits the morphogenesis the left bud 
early stage. Most ascidiologists agree that the oozooid gives rise single bud 
its right side, although Giard (1872) and Jourdain (1886) believe that the 
oozooid generally produces two first generation blastozooids. 

According Herdman (1925) bilateral budding then the rule the blasto- 
zooids, that theoretically the colony should consist number zooids rep- 
resented some power (1899a and 1900) also regards normal 
the production two buds, one the right and one the left the parent, 
although many instances only one bud develops, and these cases states 
that the single bud may either the right left side (1893). However, 
Berrill (1941b) has noted that there usually size difference between bud 
primordia the right and left sides, the one the right being the larger. 
Moreover, Oka (1892) states that whenever equal number buds developing 
the right and left sides the parent those the left are always somewhat 
retarded. therefore not surprising that Oka finds that whenever single bud 
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produced, always the right side. Whenever one bud lacking Pizon 
always finds feeble diverticulum the atrial wall where that bud should have 
developed, indicating that budding the blastozooid always bilateral initially 
regardless whether both buds actually continue develop. Krohn (1869a) 
and Della Valle (1882) the contrary regard the production single bud 
the rule among blastozooids and the production more than one bud per zooid 
the exception. However, Krohn recognizes that two buds can form, which 
case one always the right and the other the left. 

Oka (1892) has also observed that many times the original atrial thickening 
not entirely used the production one bud leaving portion the budding 
zone unused. Sometimes this remnant budding material gives rise second 
bud that same side the parent; such second bud always younger its 
developmental stage than the first bud developed that side the body. Della 
Valle (1882) also recognized that when more than one bud develops the same 
side the body the first one appear always advance the second its 
stage development. Pizon (1893) has observed one young colony Botryllus 
which each blastozooid carried two buds each side; states that the same 
peribranchial thickening each side produced the two adjacent diverticula. Oka 
(1892) records that the Botryllus colonies found along Japanese coasts 
not unusual find zooids producing many six asexual buds. even 
number buds produced, there will the same number buds each side 
the odd number formed, there always one more the right than 
the left. According Berrill double buds are more likely develop 
early generations zooids before sexual reproduction begins well 
later generations when large zooids capable reproducing sexually are present, 
rather than intermediate stages. 

Thus obvious that there are bilateral bud primordia both the oozooids 
and blastozooids, but that there asymmetry budding capacity with the 
right side usually the more productive. Most the above information concerning 
the budding pattern based isolated observations study very small 
number colonies. seems worthwhile follow the budding patterns the 
colonies studied this paper attempt determine whether any generalities 
concerning the budding pattern can formulated. 

When all the colonies are examined the sixth day development possess 
only one bud (2ZR), possess two buds (2ZR and 2ZL), and possess 
three buds, two the right side (2ZR and 2ZR’) and one the left (2ZL). 
When the second generation zooids are examined the tenth day determine 
the number buds per zooid, noted that some colonies each zooid 
produces only one bud; others some zooids produce one bud and others 
two such buds; other colonies all zooids produce two buds each; still others 
some zooids produce two buds and others three buds. order decide 
whether the number buds per zooid any given colony bears any relation- 
ship whatsoever the number buds per zooid earlier produced the same 
colony, the data may arranged advantageously checkerboard table (Table 
From this table evident that three the six colonies (50 per cent) 
which produced only one bud per zooid also produce only one bud per 
moreover, additional one these six colonies (17 per cent) produces 
one bud per zooid least some the zooids. Ten the colonies (48 
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TABLE 


Comparison the number buds per zooid different generations the same colonies 


No. of 3Z buds per zooid on No. of 4Z buds per zooid on | 
tenth day seventeenth day | Av. no. of 
| 6Z zooids 
| 2 buds | | 3 buds 2 buds 3 buds | 
(17%)| (33%) (33%)| (50%) 


per cent) which produced two buds per zooid also produce two buds per 
moreover, six additional colonies (28 per cent) produce two buds per 
zooid least some their zooids. Thus, these two groups colonies there 
appears least some slight tendency for colonies produce the same number 
second and third generation buds per zooid. However, those colonies which 
originally produced three buds per zooid appear incapable maintaining this 
rapid rate budding, and tend produce only two buds per zooid instead 
(in per cent these colonies there are two buds each zooid, but 
per cent there are two buds only some zooids and one bud others, 
and per cent there are two buds some zooids and three buds 
others). Pizon (1899a) has noted similar tendency towards reduction the 
number buds per zooid following generation which three buds per zooid 
was the rule, and suggests that this reduction serves compensate for the 
excessive budding the earlier generation. his case the reduction was 
even less than two buds per zooid. 

Similarly, order see whether the number buds per zooid bears any 
relationship whatsoever the number buds per zooid produced the same 
colonies these data may added the checkerboard table. some colonies 
the seventeenth day there only single bud per zooid; others some zooids 
produce one bud, others two; some colonies each zooid produces two buds; 
others some the zooids produce two buds, others three buds; one 
colony each zooid produces three buds. the six colonies originally pro- 
ducing one bud per zooid only one colony (17 per cent) produces single 
bud per zooid. Fifty per cent produce two buds per zooid, and additional two 
colonies (33 per cent) produce two buds per zooid least some their zooids. 
Thus, the fourth generation produced asexual budding these colonies appear 
approaching the ability produce two buds per zooid. However, each 
zooid then produced two buds, and each these turn produced two 
buds, these six colonies should average eight zooids the sixth 
stead they actually average only 6.17 zooids, and therefore slightly less than two 
buds per zooid must the rule giving rise fifth and sixth generation zooids. 
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the colonies originally producing two buds per zooid eight (38 per cent) 
produce two buds per zooid, but ten (48 per cent) produce two buds 
only some their zooids. Thus the ability produce two buds each zooid 
longer maintained rigidly these colonies. each zooid did continue 
produce two buds the generation, would expect find thirty-two 
zooids. Instead find the average only 12.23 zooids, indicating budding 
rate about 1.5 buds per zooid beyond the formation buds. Those twelve 
colonies originally capable producing three buds per zooid have almost lost 
this ability the fourth generation blastozooids. Only one colony per cent) 
produces three buds some its zooids; seven colonies (58 per cent) pro- 
duce two buds some their zooids and three colonies (25 per cent) only 
one bud per zooid produced. Thus, these colonies, less than two buds 
per zooid now seems the rule producing fourth generation blastozooids. 
two buds per zooid continued form give rise 4Z, and genera- 
tions, would expect find forty-eight zooids per colony; instead find 
only 20.9 zooids per colony the average, roughly budding rate 1.5 
buds per zooid after the zooids are established. 

Grave (1933) has emphasized that the growth rate different Botryllus 
colonies varies greatly even their normal environment, but made attempt 
analyze these differences terms the number buds produced per genera- 
tion zooids. has observed one colony which developed from single larva 
June 3000 individuals July 20; states that the number individ- 
uals this colony doubled every two three days. this colony the number 
buds per zooid must have been least two account for such rapid growth; 
however, states explicitly that selected examples only the most prolifera- 
tive colonies; therefore most colonies the budding rate must less than two 
buds per zooids. 

Therefore, although colonies differ the number buds produced per 
zooid, this difference appears only temporary and not maintained later 
generations, least not under laboratory conditions. Instead, later generations 
all colonies tend produce the average 1.5 buds per zooid. Nevertheless, the 
initial difference the number buds per zooid sufficiently great that even 
though the budding rate then tends become equalized all colonies, the number 
zooids present the generation will small colonies which originally pro- 
duced only one bud per zooid (6.17), will about twice great colonies 
originally producing two buds per zooid (12.23), and will about three times 
large colonies originally producing three buds per zooid (20.9). Consequently 
the number buds per zooid important factor accounting for differences 
the intersiphonal patterns later generations even when colonies the same 
stage development are compared. The factors which account for the differences 
vigor, which turn allow one, two, three buds form each zooid, are 
not known. they are due genetical differences the action heredity con- 
trolling the number buds per zooid appears limited controlling bud 
formation only the establishment this one generation. These observations 
seem based study more colonies than those examined Berrill 
(1935c) his observation that the first bud (1Z) gives rise second bud (2Z) 
and that third bud (3Z) and the third bud each side may hold for 
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particular colony, but certainly not the characteristic budding pattern the 
majority colonies. 


Due premature atrophy developing buds 


addition differences the actual number buds the possibility that some 
these buds may degenerate prematurely before reaching the adult stage must 
also considered limiting factor controlling the number zooids 
colony and therefore the complexity the intersiphonal patterns the colony. 
Pizon (1899a) has observed that frequently considerable number buds are 
arrested their development and begin regress. Some disappear very early, 
the moment when they are still small simple vesicles which are beginning 
produce herniations the flanks their parents. Others regress much later 
when they have already attained one-fifth one-fourth adult size. Regression 
even occurs prematurely some large zooids which have the internal organs 
almost completely formed. 

Pizon (1893, 1899a and 1900) regards the failure the bud primordia pro- 
duce buds well the premature atrophy such buds once they have started 
develop due primarily nutritive deficiencies. Abortions occur when 
buds are too closely pressed against the older zooids against the substrate the 
colony, thereby constricting the blood channels and preventing the entrance the 
blood stream from parent into bud. Moreover notes that such atrophy more 
frequent colonies early stages formation and suggests that this may due 
the fact that first all the energies the newly forming colony are directed 
toward elaboration the test with little left over enable buds develop pro- 
fusely. particularly emphasizes that isolated zooids very small systems are 
more likely atrophy than large systems, and suggests that necessary that 
zooid participate the organization system survive. Oka (1892) 
also suggests that crowding lack probably determines whether not bud 
will develop maturity, but emphasizes that the left bud primordium more 
sensitive adverse conditions than the right, and less likely survive. How- 
ever, there are other examples premature degeneration where apparent causes 
are discerned. During the first seven generations blastogenesis studied 
this present paper there have been few examples premature atrophy zooids 
once they have started develop. Where such atrophy occurred there was 
indication crowding. Moreover, noted earlier (p. 83), some zooids degen- 
erate prematurely even after they have become adults and even though they are 
associated with other zooids within fairly large system, participation system 
formation not itself guarantee that premature degeneration will not occur. 


Due persistence parent sooids after their buds attain the adult state 


Another factor which can affect the number zooids present colony 
given stage development whether the parent zooids always degenerate soon 
their buds become capable functioning, whether they sometimes persist 
function simultaneously with their buds. The results recorded this paper are 
complete agreement with those Pizon (1893) who states that when one genera- 
tion attains the adult state, the preceding generation degenerates, and that two 
generations zooids never arrive the adult state simultaneously. However, 
several authors (Delle Valle, 1882; 1903; and Berrill, 1935b) have re- 
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ported that two generations zooids can function side this actually 
does happen, the number zooids and accordingly the complexity the inter- 
siphonal patterns would correspondingly increased. 


Due fusion adjacent colonies 


Yet another factor which could influence the number zooids colony and 
accordingly the intersiphonal patterns the possibility that adjacent oozooids 
older colonies may fuse indistinguishably. such fusion was witnessed the 
present work because every effort was made prevent destroying adjacent 
colonies whenever there was possibility their fusing. Herdman (1925) sug- 
gests that large colonies need not necessarily arise from single oozooid since 
several larvae may attach close together and form colonies which fuse indis- 
tinguishably that even within one system some zooids may derivatives one 
oozooid, whereas the others come from another oozooid. Pizon (1900) has re- 
corded unquestionable case such fusion. Bancroft (1903) has carried out 
extensive study the process fusion and has demonstrated that although 
unrelated colonies generally not fuse, fusion can occur between some the 
larvae derived from the same mother colony providing they become attached close 
together. any colony whose developmental history unknown may con- 
ceivably the derivative more than one oozooid. 


The Formation and Geometrical Form Systems and Intersiphonal 
Patterns 


indicated the introduction each system consists from blasto- 
zooids, with average 8.3 blastozooids per system 200 systems examined 
colonies collected Woods Hole. Obviously the intersiphonal pattern will vary 
according the number zooids involved its formation. There oppor- 
tunity for system form until the second generation zooids are well developed, 
since only single zooid present the oozooid and first generation blastozooid 
stages. However, there are two more second generation later generation 
zooids their atrial extremities approach one another and fusion the separate atrial 
openings occurs that the colony then possesses central common cloaca about 
which the zooids are radially arranged with their separate oral siphons the 
periphery. The originally separate intersiphonal bands then radiate from the 
common cloaca and the net result the first establishment intersiphonal pat- 
tern. Sometimes, especially older colonies, the zooids have move through 
considerable distance participate the establishment system. Pizon 
(1899a) has observed zooids less than one day make half almost complete 
turn order bring their atrial extremities into contact with those other zooids. 
Sometimes the formation common cloaca occurs stepwise fashion, two 
more zooids may form one common cloaca, and several may form another, but 
later these two cloacas fuse become single opening. Bancroft (1903) states 
that there evidently some attractive force, the nature which entirely un- 
known, which causes zooids join into system. 

There appears maximum number zooids which can constitute single 
system. According Pizon (1899b) and Herdman (1925) when blastozooids 
become too crowded against each other and space remains for additional zooids 
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around single cloaca one more blastozooids become crowded outwards away 
from the cloaca and come lie the periphery, each such isolated zooid constitut- 
ing starting point for the formation additional system. Oka (1892) also 
emphasizes that when additional systems are first established they contain only 
small number individuals, usually three four and many times only two. 

Several features system formation should analyzed because the changes 
the intersiphonal patterns which are involved. Actually the existence in- 
tersiphonal band each blastozooid greatly simplifies the task observing the 
relationship zooids one another during the formation systems. the 
form system (and accordingly the intersiphonal pattern) identical when- 
ever the same number zooids forms one system? identical even when 
different generations zooids are compared? What factors affect the form 
the intersiphonal pattern? What the relationship between the number 
zooids colony and the number systems formed? there any inherent 
tendency for colony have certain number zooids per system, the 
number zooids comprising system purely matter When 
additional system established, does actually consist first very small 
number 

When only two zooids constitute system they typically occupy less than 
90° the space available around the cloaca and the form the intersiphonal 
pattern invariably the same, viz., the form letter which the angle 
between the intersiphonal bands less than 90°. This true whether the 
zooids involved are second, third fourth generation Beyond the 
fourth generation there are usually more than two zooids per system, al- 
though some colonies only single zooid present. three zooids con- 
stitute system the form the intersiphonal pattern slightly different 
depending upon the generation zooids involved. the zooids are the 
second generation.they occupy only 90° the space available around the 
cloaca and angle approximately 45° formed between adjacent inter- 
siphonal bands. the three zooids are third fourth generation zooids they 
occupy 180° the available space around the cloaca and angle 90° 
formed between intersiphonal bands. the three zooids involved are fifth 
sixth generation zooids they tend occupy all the available space around 
the cloaca and the angle between adjacent intersiphonal bands usually in- 
creases 120°. When systems consist four zooids they tend occupy 
all available space around the cloaca and adjacent intersiphonal bands usually 
form angle 90° with one another, although third generation zooids are 
involved, less than 360° the space filled and the angle correspondingly 
less than 90°. there are five ten zooids per-system they are arranged 
radially around the cloaca filling all available space, with equal angles be- 
tween adjacent intersiphonal bands regardless the generation under con- 
sideration and Whenever there are eleven zooids more 
system the cloaca becomes oval shaped and the system itself oval 
outline instead circular and the intersiphonal pattern becomes less 
perfect radial pattern II, Fig. the system the right). 

Several factors are important controlling the form the system. 
First, whenever possible zooid tends contact with another zooid 
each side and throughout much its length possible. Usually such 
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arrangement not possible until more than three zooids are present 
system, because three zooids less are not usually enough occupy all 
the space around common cloaca; thus the number zooids available 
for system formation second factor determining the form the system. 
The size the zooids the different generations third factor involved 
the form system. Bancroft (1903) and Berrill and have 
both noted that the size zooids increases progressively, with each genera- 
tion. The larger the zooids involved, the fewer needed occupy all the 
space available around the cloaca. the above three factors affecting the 
form systems are kept mind possible predict the form any 
system any colony providing the number zooids and the generation 
zooids known. These factors exercise full control over the form the 
system only when the system isolated, only when there single 
system colony. When more than one system present the same 
colony the form the systems always modified due crowding zooids 
the contact points between adjacent systems Figs. and 5). 

Certain generalizations can made concerning the relationship between 
the number zooids colony and the number systems formed. The 
maximum number zooids which can constitute single system most 
commonly 15. Occasionally the time zooids are present the 
colony breaks into two systems. the colony consists zooids 
two systems are usually formed. there are zooids there are usually 
three systems. When the colony consists zooids four systems are 
usually present. When zooids are present simultaneously they are 
most commonly distributed among six systems, and eight systems are usually 
found when many zooids are present. Whenever the colony 
consists more than one system zooids the actual number zooids 
within any one system seems determined primarily chance. the 
average there are eight zooids system, but there may from four 
fifteen the colonies whose development has been followed. far can 
determined there are inherent differences between colonies the number 
zooids which constitute system. This means that the number inter- 
siphonal bands pigment cells which enter into the formation any single 
intersiphonal pattern purely matter chance. would seem that 
each new generation zooids larger than the previous one the number 
zooids constituting system should decrease with increased age the colony. 
Such tendency decrease the number zooids per system not evident 
during the first seven generations asexual reproduction. However, Ban- 
croft (1903) has noted that older colonies the number zooids per system 
reduced three four the average. 

The observations Oka (1892), Pizon (1899b) and Herdman (1925) con- 
cerning the method formation additional systems seem open question. 
According Herdman (pp. 204-205), “When there longer room for all 
the ascidiozooids around the original cloaca, one more may pushed 
out into the surrounding test. Here they continue form lateral buds and 
found new systems.” This would suggest that more zooids are present 
than the maximum number which can contained within one system, any 
extra zooids are crowded out singly from the old system and each these 
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isolated zooids, budding, then establishes new system the following 
generation. This implies that order form additional system least 
two generations zooids must involved: the first generation one 
more zooids become crowded out the old system; the second generation 
the buds developed from the zooids isolated the previous generation 
actually establish the new system. implies, moreover, that the time 
additional system established the colony always consists one large sys- 
tem plus the one more very small newly established systems. Actually 
any such single zooids crowded out system probably degenerate pre- 
maturely (see 96). Oka also emphasizes (p. 543) that “Ein neu gebildetes 
System enthalt nur eine geringe Anzahl von Individuen, gewohnlich deren 
drei oder vier, manchmal sogar nur zwei. aber bei jedem Auftreten einer 
neuen Generationen die Zahl der Individuen sich verdoppelt, kommt 
Verlauf einiger Generationen einem typischen System von acht oder neun 
Individuen. However, elsewhere his description Oka states (p. 542), 
“Nach dem Tod der Muttergeneration, welcher bald erfolgt, sieht man die 
ein System, haufiger aber noch zwei gleich grosse oder ungleich 
grosse Systeme sich zusammenlagern.” This latter statement Oka alone 
accurately describes the formation additional systems. Even before the 
death the parent zooids the buds are roughly grouped according the 
systems they will later form. And following the death the parent zooids 
the newly formed zooids almost immediately become distributed into many 
systems are destined form. There intermediate step during which 
all zooids first attempt join around single cloaca, followed isolation 
any extra zooids establish smaller systems. Moreover, additional sys- 
tem when first formed consists considerable number zooids, Oka 
and Herdman the contrary. the ten colonies studied most extensively 
this paper additional system never contained fewer than four zooids 
when was first established, and much more commonly contained seven 
nine zooids. Thus, when colony contains sufficient zooids form 
additional system, the new system does not contain only the excess zooids 
which can longer accommodated the old system, but rather the old 
system replaced two systems, each with approximately equal numbers 


of zooids. 


Intersiphonal Bands Taxonomic Characters 


Any attempt use slight differences the appearance intersiphonal 
bands basis for classifying Botryllus into species should regarded with 
caution. Unless the taxonomist fully aware the progressive transforma- 
tions which the intersiphonal bands undergo and the time relationship 
between these transformations and the stages asexual reproduction errors 
could introduced comparing the appearance intersiphonal bands 
colonies entirely different stages development. Moreover, even when 
colonies the same stage development are compared there will differ- 
ences the number intersiphonal bands intersiphonal pattern, 
well differences the number intersiphonal patterns the colony, 
but such differences are due seemingly factors which are not taxonomic 
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importance. And even the absence intersiphonal bands some colonies 
may indicate nothing more than single gene difference between these and 
colonies which exhibit intersiphonal bands. 


SUMMARY 


The most striking feature many Botryllus colonies the localization 
special light-reflecting pigment cells between the oral and atrial siphons each 
zooid. Collectively these pigment cells constitute intersiphonal band. 

Individual zooids Botryllus colony are distributed radially around 
common cloaca system zooids. Consequently all the intersiphonal bands 
within one system constitute star-shaped pattern called intersiphonal pattern. 

Any Botryllus colony characterized specific intersiphonal pattern for 
only very brief period its existence. Any given intersiphonal pattern then 
totally destroyed within few hours and replaced entirely different pattern 
group patterns. The formation and subsequent destruction intersiphonal 
bands described detail for the oozooid and first seven generations blasto- 
zooids living colonies established from isolated larvae. 

The progressive remodeling the intersiphonal patterns intimately as- 
sociated with the changes involved asexual reproduction. interval four 
five days occurs between the maximum development one intersiphonal pat- 
tern and the maximum development the this brief period 
series changes occurs the appearance colony. The zooids become 
highly sensitive and contractile and the intersiphonal pattern becomes very irregu- 
lar. Zooids then undergo maximum and permanent contraction, the inter- 
siphonal bands disintegrate and the pigment cells are released into the circulatory 
system and are carried passively the blood Simultaneously the new 
generation zooids growing and the new intersiphonal bands form them. 
first these are solid bands, but they tend split lengthwise until they become 
double intersiphonal bands, especially older generations Reflecting 
pigment cells then disappear from the circulatory system. 

There evidence that the pigment cells released the break-down 
the intersiphonal bands one generation zooids can utilized the forma- 
tion new bands the next generation zooids. 

the oozooid develops strong intersiphonal band pigment cells 
broad, almost solid band reflecting cells between the two siphons) only strong 
intersiphonal bands appear all later generations zooids; develops weak 
intersiphonal band (i.e., only few reflecting cells near the dorsal midline with 
obvious arrangement into band) only weak bands appear all later generations 
zooids. This difference between weak and strong expression constant and 
probably genetically determined. 

Intersiphonal patterns vary different colonies even though they are the 
same stage development. These variations are discussed terms differ- 
ences the number buds per zooid different colonies, the premature atrophy 
developing buds some colonies, the possible functional persistence parent 
zooids after their buds become functional, the fusion adjacent colonies. 

The form intersiphonal pattern determined several factors: 
Whenever possible zooids tend come into contact with another zooid each 
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side and throughout much their length possible; the number zooids 
available for system formation determining factor; the size the individual 
zooids likewise affects the form the pattern. these three factors are kept 
mind possible predict the form any intersiphonal pattern providing the 
number zooids and the generation zooids known. When more than one 
system present the same colony the form the intersiphonal pattern always 
modified due crowding zooids the contact points between adjacent systems. 

When colony contains sufficient zooids form more than one system the 
new system does not contain only the few excess zooids which can longer 
accommodated the old, but rather the old system replaced two systems, each 
with approximately equal numbers zooids. far can determined there 
are inherent differences between colonies the number zooids which con- 
stitute system. 

10. The appearance the intersiphonal bands patterns should never used 
characteristic for classifying Botryllus into species unless one fully aware 
the range variation that occurs even the same colony and the factors 
responsible for such variations. 
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